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\ report of the two cases here recorded seemed to me worthy of 


publication because 1 had never seen any condition of a similar 
nature affecting the cornea so extensively and because my surmise as to 
the cause of the condition in the first case was to some extent rendered 
doubtful by the histopathologic evidence in the second case. The cases 
are recorded in some detail in chronological sequence. 


Case 1—Mr. J. consulted me on Feb. 3, 1935. Dr. Visuvalingam of the Gov- 
ernment Eye Clinic, Kuala Lumpur, had seen this patient first about two years 
previously, when a marginal degeneration of the corneas (more advanced in the 
left eye) of doubtful nature but suggestive of calcareous change was noted. Sev- 
eral other physicians who had been consulted had considered that the degeneration 
might be calcareous. The patient had been referred to me but had postponed his 
visit. Meanwhile, the corneal degeneration had steadily advanced until, at the 
time when his ophthalmologic adviser wrote to me, the degeneration had pro- 
eressed so as to involve almost two thirds of the cornea of the left eye. 

When I saw the patient the corneas were of about normal shape, curvature and 
smoothness but were invaded to a variable extent by a yellowish material which, 
starting at the periphery, spread toward the center, the advancing margin being 
paler and deeper than the older portion nearer the circumference. The left eve 
was much more involved than the right. The extent of the affected areas can 
he best shown by diagram and picture (figs. 1 and 34). As indicated, invasion 
in the right eye seemed to start from the arcus on the temporal side, leaving a 
clearer peripheral belt. This was also so on the right, but the clear zone was 
somewhat obscured by a limbic extension of the process. The opacity appeared 
to shelve off toward Descemet’s membrane at its advancing edge. The second 
diagram (fig. 2) will help to explain the appearance toward the limbus as viewed 
with the corneal microscope. It indicates that deep vessels were to be seen 
through the less dense opacity peripherally. The main mass in the left eye was 
ercenish yellow and when viewed with the low power of the corneal microscope 
suggested a fine needle-like crystalline structure, but the high power did not give 
‘nough definition to aid in its identification. Toward the advancing edge, how- 
‘ver, the opacity resolved itself into white linear bundles like fine spun glass or 
*wathes of needle-like crystals. The general depth of the opaque material appeared 

'e as suggested in the diagram, that is to say, close up to Bowman’s membrane 
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in the densely opaque areas and shelving deeper at the edge toward the clear cornea. 
The crystalline appearance led to the presumption that the opacification might he 
due to the deposition of calcium, Although considerable presumptive evidence 
was obtained in support of this hypothesis, it was afterward learned, when ihe 
second case was being investigated, that one may easily be deceived as regards 
depth and crystalline appearances. The clear areas of the corneas appeared to be 
normal under magnification; the anterior chambers, irides, pupils, media and fundi 
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Fig. 1 (case 1).—A diagram of the appearance of the eyes; x shows the area 
that is depicted in more detail in figure 2 
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Fig. 2 (case 1).—A more detailed diagram of the region marked x in figure 1, 
showing the presence of deep vessels. 


did not show anything out of the ordinary. Vision, which was within noranl 
limits, with correction, on the right, was definitely interfered with by the advancing 
opacity on the left. The corneal sensitivity was good in both eyes. The bulbar con- 
junctiva was slightly hyperemic to the outer side of the cornea on either side 
when first seen, and when the fact was mentioned to the patient he volunteered thc 
information that periodically those areas became markedly red and irritable. Coim 
cident with such attacks in the eyes, the joints of the great toes became red and 
painful, and inflammatory thickenings appeared on the inner aspects of the arms 
just above the elbow joints. During such attacks he was in the habit of taking « 
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Fig. 4 (case 2).—A section of the disk of cornea stained with sudan III to 
show the distribution of fat. The infiltration went deeper into the substantia pro- 


pria as the section was followed up, but it did not seem to go deeper than halt 


the thickness of the cornea. 
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mixture of alkaline salts containing a lithium compound, as ordered by his physi- 
can. which always gave relief. As he had forecast, an attack soon occurred, 
beginning abruptly on February 6, and took several days to subside. The 
hyperemic areas of the conjunctivae were roughly circular, except where they 
abutted on the outer side of the limbus on either side, and were about the diameter 
ot the cornea. The right eye showed a smaller patch in the superior nasal qua- 
drant. The patches were markedly injected, involving the tissues down to the 
sclera; aching pain was present but no deep tenderness; the vessels of the area, 
superficial and deep, were all engorged and presented an appearance almost 
similar to that in certain cases of episcleritis. There were firm hyperemic thick- 
enings in the epitrochlear regions; the metatarsophalangeal joints of the great toes 
were somewhat swollen, red and tender, and there were areas similarly affected 
toward the upper part of the achilles tendon and the inner side of the plantar 
aspect of each foot. 

The patient gave a history of stone in the kidney and bladder. He had been 
operated on for these conditions, the stone in the bladder having been crushed. 
The stones were said to have been phosphatic. 

The urine was free from albumin and sugar. The specific gravity was 1.024. 
The blood pressure was 148 systolic and 100 diastolic. The Wassermann reaction 
was negative. 

Dr. A. S. Mannady Nayar, professor of biochemistry at the Madras Medical 
College, gave the following results of examinations of the blood: On February 
6 examination showed: phosphate (inorganic), 3.413 mg. per hundred cubic centi- 
meters of blood; uric acid, 4.262 mg. per hundred cubic centimeters of blood, and 
calcium, 18.54 mg. per hundred cubic centimeters of serum. <A clearance test 
showed 36 mg. of blood urea per hundred cubic centimeters of urine in one hour; 
1.124 per cent urine urea, and a standard urea clearance of 31.21 ce. (57.8 per 
cent of the average normal value). 

On February 8 examination showed 17.4 mg. of calcium per hundred cubic centi- 
meters of serum and 4.5 mg: of phosphate (inorganic) per hundred cubic centi- 
meters of blood. 

On February 11 the calcium content of the serum was 17.8 mg. per hundred 
cubic centimeters and the uric acid content 5.9 mg. In 990 cubic centimeters of 
urine excreted in twenty-four hours there was 224.93 mg. of calcium (this was 
within the normal limits of from 100 to 400 mg. per day). 

On February 13 examination showed: nonprotein nitrogen, 53.8 mg. per hundred 
cubic centimeters of blood; protein, 6.792 Gm., and cholesterol, 184.6 mg. (average 
of two estimations) per hundred cubic centimeters of serum. 

Dr. Mannady Nayar stated: “The examinations show hypercalcemia and 
hyperuricemia. 


This condition may be due to hyperparathyroidism or hyper- 
absorption, 


The patient may be placed on a calcium-free diet for a fortnight to see 
it the blood calcium content is lowered. If it is, hyperabsorption is indicated.” 

At this stage the patient returned home, but it was learned later that with a 
calcium-free diet the blood calcium content decreased to between 10 and 11 me. 
per hundred cubic centimeters. 

A specimen of fat was removed from the epitrochlear region during an 
attack. The greater part of the firm, tender nodule, about the size of a pigeon’s 
cee, was freed from the skin and deep fascia. When cut it gave the impression 
being gritty, but this was probably due to the increase of fibrous tissue septums. 

iat was collected in a 5 per cent solution of formaldehyde in distilled water and 
nitted for biochemical examination. It contained no urates or uric acid deposits. 

id, however, contain calcium in the ash, as detected by the picrolonic acid 


ort 
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test. A greater volume of fat from an apparently normal person failed to show 
tests for it; so Col. Newcomb, professor of chemistry, concluded that there was 
“an excess of calcium over that present in normal fat.” 

Finally, Dr. M. J. S. Pillai, of the Barnard Institute of Radiology, made a 
roentgenographic investigation of the entire skeleton. All the bones were normal, 
and no evidence was forthcoming of deposits in the areas of presumed calcium 
disposition, including the cornea. The genito-urinary tract was calcium-free. The 
vertebral arteries showed evidence of early calcification, but the diameter of the 
aorta was increased. 

Further observations by Dr. Visuvalingam would be of great interest and 
might clarify the nature of the condition, 


Cast 2.—R., a Hindu agriculturist aged 45, was admitted to the clinic on May 
27, 1935. In many respects the condition which he presented was similar to that 
in the previous case, but there were marked points of difference. There was an 
obvious invasion of the cornea suggestive of a fatty infiltration, involving the sub- 
stantia propria, the corneal epithelium being smooth and clear. The invading 
material was pale yellow, becoming whitish in parts; it was not a uniform greenish 
or canary yellow as in the first case. The peripheral region of the cornea was iree 
on either side for 1.5 or 2 mm. Central to this free zone, which did not show an 
arcus, the infiltration appeared to be disposed in rounded, cumulus-like masses of 
greater opacity (not well shown in the figure) rather than in a uniform sheet, as in 
the first case. In the left eye the process was denser and distributed in a ring 
so as to leave a_ perfectly clear, almost circular central area which appeared 
normal under the microscope. The pupil was round, and the reflexes were active. 
The iris was normal, without any evidence of iridocyclitis. 
was of normal depth. 


The anterior chamber 
The clear area was soon invaded by a pale advancing edge 
of fine needle-like bundles in the depth of the cornea from the inferior temporal 
quadrant. The appearance of the advancing edge and its position (it seemed to be 
deep in the middle of the substantia propria, although this was not confirmed in 
section) exactly resembled the central edge of the infiltrated area in the previous 
case. For this reason one is led to think that the pathologic processes in the 
two cases may perhaps have been identical, in spite of other marked differences. 
There was a pterygium on either side, which added to the visual defect. There 
was no history of inflammatory attacks of the conjunctivae or body tissues. The 
redness of the conjunctiva depicted in the left eye was indicative of mild con- 
junctivitis. The patient gave a history (unreliable) of a duration of symptoms 
tor one and a half years. There was no clinical evidence of tuberculosis or syphilis, 
and the Wassermann reaction was negative. The urine contained traces of albumin 
but no sugar. The calcium content of the blood was within normal limits. Vision 
in the right eye was limited to the perception of light. With the left eye fingers 
were counted at 1.5 meters. Sensitivity was absent in the right eye and 
diminished in the left. There was no pain or lacrimation, but a slight discharge 
due to chronic conjunctivitis was noted in the left eve. The patient was markedly 
affected by bright light and maintained a continuous frown in an effort to retain 
the palpebral apertures as narrow slits. The infiltrating process was apparently 
active and advanced rapidly in the left eye so as to invade the small clear area 
on that side in the course of a month. It seemed that perhaps the best course to 
adopt was surgical treatment by corneal grafting. In this view my staff colleague, 
Dr. K. Koman Nayar, concurred, and with his assistance and advice the plastic 
procedures were carried out and treatment was conducted. The course may be 
briefly summarized from the notes made by Dr. N. Pillai, who was in charge o! 
the patient in the ward. 
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On June 22 a graft from an eye blind from glaucoma was inserted in the 
patient's right eye after an 8 mm. disk had been removed. The pupil was round 
and 4 mm. eccentric to the trephine aperture. The lens showed an early catarac- 
tous change. The clear disk was held in position by three threads, crossing the 
cornea at 00 degree intervals. The eye was dressed with pilocarpine hydrochloridc 
and jiodoform ointment. The excised diseased disk was cut into quadrants, and 
the pieces were fixed in Bouin's fluid, Zenker’s solution, solution of formaldehyde 
and a solution of alcohol with sodium chloride and alcohol, respectively. Blood 
group tests were not carried out. The graft took well and the stitches were 
removed on the fifth day. There was no apparent increase of irritation, and 
the eves were sensitive to glare as before. 

On July 3 the right pupil was half dilated, active and round. The tension 
was normal. Vision was 6/60, and the eye was quiet. 

On July 4 the pupil was dilated with atropine. 

On July 7 a graft was inserted into a 12 mm. trephine opening in the left eve, 
the stitches biting 4+ mm. from the limbus in the conjunctiva. The pterygium was 
dealt with at the same time. The graft from a patient with glaucoma absolutum 
was somewhat edematous. ‘The pupil was contracted to one-third at the end ct 
the operation. The anterior segment was in good condition. There were begin- 
ning lenticular opacities. Plain iodoform ointment was used. 

On July 10 the stitches were removed. Photophobia and lacrimation were 
noted. Atropine for both eyes, drops containing a zine compound with chlor- 
butanol, and magnesium sulfate washes were ordered. The right eye had become 
much more irritable (on account of the operation on the left eve?). 

On July 16 there were marked lacrimation and photophobia. The graft in the 
right eye was hazy blue. <A solitary pigment deposit was noted on the back of the 
grait. The pupil was three-fourths dilated and round. Fingers were counted at 
18 inches (45 cm.). The pupil of the left eve was half dilated. There were 
synechiae at the junction of the graft and the superior nasal quadrant and much 
jolding of Descemet’s membrane. A spot of opacity was noted in the center ot 
the cornea, and the overlying epithelium was sodden and irregular, like that of 
commencing necrosis. Fingers were counted at 9 inches (23 cm.). Ethylmorphine 
hydrochloride, hot compresses, leeches and salicylates were ordered. 

During the next ten days the patient’s condition gave rise to considerable 
anxiety. Photophobia and lacrimation were excessive. The left eye appeared to 
he the main cause of trouble, but it was impossible to examine the anterior 
chamber effectively. At one time the tension fell in that eve and was recorded 
as “boggy.” Exezema of the lids and skin developed and was thought to be of 
allergic etiology. It was almost certain that there was an incomplete posterior 
aunular synechia at the boundary of the graft. Mydriatics, leeches, hot packs, 
acetylsalicylic acid and neoarsphenamine were ordered. 

On July 29 the patient was in better condition. Both grafts were clear enough 
so that the iris could be examined with the corneal microscope. The right pupil 
Was round, and the anterior chamber was full. On the left the chamber appeared 
shallow, and an anterior annular synechia was made out. The yellow point at the 
center of the graft in the left eye, which had cleared, was again prominent. The 
Patient preferred to wear dark glasses, and it was found that he obtained marked 
relict after the intravenous administration of calcium. On August 8 the synechia 

treed with a narrow spatula introduced through a small keratoma incision, 

hereon the iris fell back, the chamber formed and the pupil contracted to one- 

“' its previous size. It was hoped that this would initiate improvement. Atro- 
was ordered. 


Wa 
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On August 12 the eyes had cleared considerably, so much so that in spite of 
the lenticular opacities it was difficult to understand why the patient could not see 
as well as he had earlier. 

In October the eyes were quiet, but the tension had risen in the left eye and 
points of anterior synechiae had reformed. The grafts were opalescent, but the 


one on the right, which was definitely clearing from the periphery, was suff- 
ciently translucent to permit a good view of the structure of the iris. The left 
eye was not so clear. Vision was poor. With the right eye fingers were counted 
at 2 meters and with the left eye at 20 cm. The patient could recognize people 


Fig. 5 (case 2).—A section of the disk of cornea removed; a indicates the 
area shown under higher magnification in figure 6. 


and find his way about, and he was much more comfortable than when first seen. 
It was considered advisable to perform a Lagrange operation and at the same 
time to free the remaining synechiae in the left eye. The result of this operation 
cannot be judged as yet. At present the condition of the left eye is bad and is 
likely to remain so, while that of the right eye is good and is likely to improve. 

Dr. T. Bhaskara Menon, pathologist for the Stanley Medical School, made the 
histologic examination of the specimens of disks, and his report was as follows: 

“The sections are through the whole thickness of the right cornea (the cornea 
having been cut into quadrants). The epithelial surface and Bowman’s membrane 
appear to be normal. The substantia propria shows cellular infiltration extending 
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for about half its thickness from the surface, with lymphoid and large mononu- 
clear cells for the most part. Here and there a few polymorphonuclears can be 
made out. These are present in clusters around the capillaries. (It may be noted 
that these vessels were not conspicuous when the patient was examined, although 
it was recognized that there were deep vessels hidden for the most part by the 
opaque material.) The nuclei of the connective tissue cells of the substantia pro- 
pria are slightly swollen and appear more abundant than normal. In the substantia 
propria there are rounded and oval areas showing foamy degeneration. It seems 
that these are made up of large foamy cells with lightly stained round nuclei, 





Fig. 6 (case 2).—Magnification of area a in figure 5. 


being altered connective tissue cells which have stored up fatty material. Sections 
stained with sudan III and nile blue sulfate show fat in droplets infiltrating the 
cells in this area. The endothelium and Descemet’s membrane appear normal, but 
the latter is thrown into folds. 

“The disk of the cornea of the left eye shows a similar histologic appearance 
of infiltration of the substantia propria with extremely minute granules which 
take the sudan III stain. The corneal epithelium appears to be normal throughout 
the entire extent except near the periphery of the specimen, where on one side 
there is some hyperplasia; the chief change is in the connective tissue fibers of 
he substantia. A little below Bowman’s membrane these fibers appear to be sepa- 
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rated by large cells, some of which show well marked foamy degeneration of ihe 
protoplasm, as seen in sections stained with Mallory’s stain. This foamy degen- 
eration appears to be due to the presence of extremely small granules of fatty 
material that takes the sudan III stain. These granules all appear to be inter- 
cellular, and under the oil immersion lens they appear to be amorphous, with a 
few crystalline needles, probably of lipoid material. Stained with nile blue, they 
take a mauve stain of mixtures of fatty acids. There are few globules of neutral 
fat. The connective tissue fibers of the substantia are separated by this deposit 
and in places have undergone fragmentation. The change appears to be more 
marked near the periphery. In addition to the mononuclear cells, a few eosinophils 
and polymorphonuclears can be made out near the periphery.” 


Comment.—It may be noted that in this case the process was one 
of fatty change situated for the most part in the anterior half of the 
substantia propria. The photomicrographs (figs. 5 and 6) show the 
corneal section near the periphery of the trephine disk from the left 
eye. The deeper third of the substantia propria is relatively free. There 
is an obvious disturbance of the basal layer of the corneal epithelium. 
At several points Bowman's membrane is buckled, and in one place 
cells from the substantia propria appear to be in the process of pene- 
trating it. To what extent this buckling was determined by the trauma 
of trephining, if at all, would be difficult to say. There are both pro- 
liferative and degenerative changes in the basal epithelial cells, and 
various wandering cells have migrated through to the epithelium. 
Toward the center of the disk the pathologic process tapers off toward 
the middlejof the substantia propria, leaving an unaffected area both 
superficial and deep to it. 

The drawing of a section (fig. +) stained with sudan IIT is from one 
of the sections of the cornea from the right eve. Here it may be seen 
that the process is distributed for the most part in the anterior third 
of the substantia propria. The figures are not as good a representa- 
tion of the conditions as it was hoped they might be but could not be 
improved on by the artist. They are not true to life but give a better 


idea of the appearances than a mere diagram or photograph. 








ROENTGENOGRAPHIC DIAGNOSIS OF 
RETINOBLASTOMA 


RAYMOND L. PFEIFFER, M.D. 


NEW YORK 


The clinical recognition of retinoblastoma is so difficult that error 
occurs in nearly one third of all the cases in which the eye is removed 
for this disease; therefore, any laboratory aid which distinguishes the 
real tumor from the pseudotumor should be of interest. 

It has long been known that calcareous changes or deposits occur 
in retinoblastomas. In three of the seven cases of glioma described 
by Knapp? in 1869, in his celebrated monograph on intra-ocular tumor, 
calcium bodies were shown in histologic sections. Much earlier than 
this, Charles Robin! described calcareous degeneration in gliomas. 
These calcareous deposits appear in histologic sections as irregular 
hodies or masses, from 30 microns to 1 mm, or more in size, which 
stain with hematoxylin and are usually observed in association with 
other degenerative changes in the tumor. According to Collins,” they 
are formed by the breaking down of a number of cells to form a gran- 
ular mass in which lime salts are deposited and cholesterol crystals 
formed. 


The calcium content of retinoblastoma was studied to determine the 
frequency and extent of its occurrence for possible adaptation in roent- 
genographic diagnosis. Roentgenograms were made of twenty enucle- 
ated eyes in which retinoblastoma was present, and subsequently in 
fourteen cases in which the eves were in situ and the clinical diagnosis 
of probable retinoblastoma had been made, the orbits were subjected to 
roentgenographic examination before operation. 


ROENTGENOGRAPHIC EXAMINATION OF THE ENUCLEATED GLOBES 


Roentgenograms of the enucleated eyes presenting retinoblastoma 
showed that fifteen of the twenty specimens contained calcium deposits. 
(he specimens studied were half globes or less, obtained from specimen 


Presented before the Meeting of the American Academy of Ophthalmology and 
(ito-Laryngology at Cincinnati, Sept. 16, 1935. 


1. Knapp, H.: On Intra-Ocular Tumors, Philadelphia, William Wood & 
Company, 1869, p. 101. 


2. Collins, E. T.: Pathology and Bacteriology of the Eye, Philadelphia, 
Blakiston’s Son & Co. 1911, p. 177. 
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bottles. It is probable that in several more cases calcium would have 
been revealed if the whole tumor had been available. For this reason 
also, the shadows of calcium on the films represent only a fraction of 
the amount of calcium contained in the whole tumor. A comparative 
study of the individual specimens and their corresponding shadows on 
the films must likewise be qualified. The tumors which did not produce 
shadows of calcium bodies, however, were the smallest of the series, 
while the largest and most advanced growths—-that is, the tumors in 
the second stage—gave shadows of dense masses of calcium, and the 
tumors of intermediate size and development gave shadows seemingly 
commensurate with the size and stage of development of the tumors. 


These shadows of calcium on the roentgenograms were composite 


shadows of single psammous bodies, which appeared to be faint and 
widely dispersed in some tumors, in small clumps in other and in dense 
masses in the largest tumors. 

Calcareous degeneration is inclined to be patchy or localized in retino- 
blastoma, and unless sections are prepared and studied in series, it is 


not possible to judge the amount of calcium present in a tumor by the 


histologic method. A section may pass through the tumor and_ not 


through an area of degeneration and thus may fail to reveal the presence 
of the calcium. By the roentgen examination the entire tumor or globe 
may be analyzed for calcium. Roentgenograms reveal the extent, posi- 
tion and character of the deposition of calcium and may be made a 
laboratory adjunct to the pathologic study of retinoblastoma and _ the 
atrophic or phthisical globe. Excellent structural detail of globes fixed 
in Zenker’s fluid can be shown by roentgen examination. 


REPORT OF CASES 


In ten of the fourteen cases in which there were a clinical diagnosis 
of probable retinoblastoma and roentgen examination before operation, 
the presence of a tumor was subsequently proved by histologic exami- 
nation. The cases are described in the following paragraphs. In eight 
of the ten cases typical shadows of psammous bodies were revealed in 
the orbit before enucleation, and in three of these the tumor was in the 
first stage. In four cases there was bilateral retinoblastoma, and in three 
shadows were shown in both orbits. In two cases calcium was not 
shown in the orbit before enucleation, and on subsequent roentgen and 
histologic examination calcium was observed to be entirely lacking. 
In four cases pseudoglioma was observed on histologic examination, 
and in none was calcium shown in the orbits on roentgen examination 
before enucleation. In one case of pseudoglioma, however, a very small 
plaque of calcium was observed histologically in the organized tissuc 
(table). 
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Case 1.--Bilateral retinoblastoma, with tumor of the left eye m the second 
stave; bilateral typical shadows of calcium deposits in roentgenograms of the 

hit. Removal of the left eye and demonstration of calctum in the globe. 

I}. L., a girl aged 17 months, was observed to have a whitish pupil in the left 


eve several weeks before examination. The left eye was slightly enlarged; the 


Summary of Data on Fourteen Cases of Probable Retinoblastoma in Which 
Roentgenographic Studies Were Made Before Enucleation 


Findings in Findings in 
Roentgenogram Roentgenogram 
Involved Clinical Pathologie of Orbit of the Globe 
Case Name Eye Diagnosis Diagnosis Before Enucleation After Enucleation 
1 BR: is Right GUGMA 3s sibesedes Typical shadow 
of calcium 
Left Glioma Glioma Typical shadow Typical shadow 
of calcium of calcium 
2 A. G. Right GHOMN 8k eSceee Indefinite shadow 
Left Glioma Glioma Typical shadow Typical shadow 
of calcium of caleium 
3 e. F. Right Glioma Glioma Typical shadow Typical shadow 
of caleium of calcium 
Left GROOMS «= -asdeaers Typical shadow 
of calcium 
{ B.A Right oo ren No shadow 
Left Glioma Glioma Typical shadow Typical shadow 
of calcium of calcium 
D M. F. Right 
Left Glioma or Glioma Typical shadow Typical shadow 
pseudoglioma of calcium of calcium 
6 G.R. Right 
Left Glioma Glioma Typical shadow Typical shadow 
of calcium of calcium 
7 wT: 2 Right 
Left Glioma or Glioma Typical shadow Typical shadow 
pseudoglioma of calcium of calcium 
8 W.M,. Right Glioma Glioma Shadow of calcium Atypical shadow 
Left of ealeium 
HH) A. G. Right Glioma Glioma No shadow of No shadow of 
Left calcium ealeium 
10 M.S. Right 
Left Glioma Glioma No shadow of No shadow of 
calcium ealecium 
11 J.S. Right Glioma or Pseudo- No shadow of No shadow of 
Left pseudoglioma glioma ealcium calcium 
12 H. M. Right 
Left Glioma or Pseudo- No shadow of No shadow of 
pseudoglioma glioma calcium ealeium 
13 L. B. Right 
Left Glioma or Pseudo- No shadow of No shadow of 
pseudoglioma glioma calcium calcium 
i4 R. A. Right Glioma or Pseudo- No shadow of No shadow of 
Left pseudoglioma glioma ealeium caleium 





tension was increased, and the pupil was fixed. The tension in the right eye 
Was normal, and the pupil reacted indirectly. Examination with the patient under 
anesthesia disclosed a large, yellowish-white, vascularized mass close to the lens 
ot the leit eye. The right eye contained a moderately large yellowish mass below 
the disk. Stereoroentgenograms showed typical granular shadows of calcareous 
vegeneration in each tumor, a much larger mass being present in the left eye. The 

eye was removed, and roentgenograms were taken to show the extent of the 
osition of calcium. The pathologic diagnosis was retinoblastoma (fig. 1). 
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Cast 2.—Bilateral retinoblastoma in the first stage; bilateral shadows of ca!- 
cium im the roentgenograms of the orbits; enucleation of the left eve and demon- 
stration of calcium. 

A. G., a girl aged 14 months, was observed to have a whitish reflex from the 
left pupil one month before examination. The tension in each eye was normal, 
and the pupils reacted normally. Examination with the child under anesthesia 
disclosed a large tumor in the left eye filling half the vitreous chamber. The 
right eye also revealed a small, circumscribed retinoblastoma, measuring from 
3 to 4 disk diameters. Stereoroentgenograms of the orbits revealed shadows of 
calcium granules in the position of the left globe and a minute and _ indefinite 
clump of shadows in the right globe. The left eye was removed, and roentgen 
examination revealed a moderate-sized mass of calcium. The pathologic diagnosis 
was retinoblastoma. 

Case 3.—Bilateral retinoblastoma with the tumor of the right eye in the second 
slage; typical shadow of calcium in the roentgenogram of the right orbit. Enu- 





Fig. 1.—Roentgenogram showing the orbits in case 1 before operation and 
the left eye after enucleation. The granular character of the shadows of the 
psammous bodies are evident. Stereoscopic films reveal more clearly the deposits 
in the orbits. 


cleation and demonstration of calctum; eighteen months later calcium revealed 
in the left eye by roentgen examination. 

C. T., a girl aged 2 years, was observed to have a white pupil in the right 
eye five months before examination. The right eye was slightly enlarged, the 
tension increased, the cornea steamy and the pupil whitish. Examination with 
the patient under general anesthesia revealed a fairly large tumor in the left eve 
also, which was in the first stage. Roentgenograms of the orbits revealed a 
typical shadow of deposition of calcium in the position of the right eye. The 
right eye was enucleated, and roentgenograms of the globe revealed a moderatels 
dense mass of calcium. The histologic diagnosis was retinoblastoma. 

The left eye was given roentgen treatments, and eighteen months later a 
roentgenogram of the orbit revealed a shadow of calcium in the position of the 
left eye. 
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Case 4.—Bilateral retinoblastoma, with the tumor of the left eve in the second 
stave: demonstration of calcium im the left orbit. Enucleation and demonstration 
of calcareous degeneration after enucleation, 


E, A., a boy aged 11 months, was brought for diagnosis because of a whitish 
reflex from the left pupil, which was observed six months earlier. The left eve 
was enlarged and firm, the anterior chamber shallow, the iris fixed and the pupil 
yellowish. The right eye contained three small yellowish, vascular, circumscribed 
masses below the disk; the tension was normal and the pupil reacted directly. 
Roentgenograms of the orbits showed the typical granular shadow of calcium 
degeneration in the tumor of the left eye and a faint and indefinite shadow in 
the right eye. The left eye was enucleated, and calcium was again demonstrated 
by roentgen examination. The pathologic diagnosis was retinoblastoma. 





lig. 2—Roentgenogram of the orbits in case 5. A roentgenogram of the 


globe after enucleation is shown on the right. 


Case 5.—Unilateral retinoblastoma in the second staye; clinical appearance of 
fscudoglioma; demonstration of calcium and diagnosis of retinoblastoma. Enu- 
cleation, ; 

M. F., a girl aged 4 vears, had “something wrong” in the left eye since the 
age of 2 years. When the tonsils were removed, three months prior to the present 
examination, the surgeon advised examination of the left eye. In this eye slight 
haziness of the cornea, shallowness of the anterior chamber and increase in tension 
were shown, and no enlargement. With the child under anesthesia, the interior 
Was indistinctly seen. However, three widespread flat whitish areas could be 
observed, the largest being in the lower portion. The vitreous was clouded, and 
the surface of the whitish areas seemed soft and irregular. Stereoroentgenograms 
revealed a small irregular shadow in the left orbit, apparently in the position of the 
largest mass observed in the globe. The eye was removed, and roentgenographic 
cxamination again showed the small mass of calcium. The pathologic diagnosis 
\as retinoblastoma (fig. 2). 
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Case 6.—Unilateral retinoblastoma in the second stage; demonstration of cal- 
cium before and after enucleation. 

G. R., a girl aged 3 years, was brought for examination because of a whitish 
pupil in the left eye, which was observed six months before. The eye was large, 
the tension increased, the anterior chamber shallow, the iris fixed and the pupil 
yellowish. Stereoroentgenograms of the left orbit revealed a fairly large shadow 
of calcium in the position of the eye. The eye was enucleated, and roentgeno- 
graphic examination again showed the large mass of calcium. The pathologic 
diagnosis was retinoblastoma (fig. 3). 

Case 7.—Unilateral retinoblastoma in the first stage; typical calcium deposits 
shown in the orbital and “bone-free” roentgenograms. Enucleation and confirma- 
tion of the diagnosis. 

L. W., a boy of 3% years, was observed by his mother to have “something” 
wrong with the left eye nearly three years before the present examination. 
Externally both eyes appeared normal. The left fundus showed a well out- 


Fig. 3.—Roentgenograms of the orbits in case 6 before operation and of the 
eye after enucleation. 


lined bluish-white mass in the temporal half of the vitreous chamber, with: an 
elevation of approximately 10 diopters. Two large arteries disappeared in the 
mass, and an area of the surface showed ulceration of the internal limiting 
membrane, with typical so-called clusters of glioma cells.2* The surrounding fundus 
showed granular pigmentary degeneration, which suggested old chorioretinitis. 
There was some interference with transillumination (fig. 4). This lesion was 
regarded by several competent observers to be of inflammatory origin and related 
to Coats’ disease. Roentgenograms of the orbits revealed a well defined, mottled, 
irregular shadow of calcium in the left orbit, measuring approximately 4 by 6 mm., 
apparently within the globe (fig. 5). To determine further the position and 
nature of the shadow, with the child under anesthesia, the eye was grasped, 
rotated nasally and pulled outward to place the tumor between the film and the x-ray 
tube, and “bone-free” roentgenograms were made. These roentgenograms revealed 
distinctly the typical granular nature of calcium deposits in retinoblastoma (fig. 6). 


2a. These clusters were shown by Dr. A. B. Reese to be calcium granules 
(personal communication ). 
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The eye was removed, and roentgenographic examination again showed the cal- 
cium. The pathologic diagnosis was retinoblastoma. 

Case 8.—Unilateral retinoblastoma in the second stage; faint and diffuse cal- 
cium deposits shown m the roentgenograms of the right orbit; enucleation and 
confirmation of the diagnosis. 











—_oe* | 





lig. 4—Photograph of a colored drawing of the left fundus in case 7, showing 
the tumor with typical cell clusters. (calcium granules). 








lig. 5—Roentgenograms of the orbits in case 7 and of the left eve after 
enucleation. 


W. M., aged 2 years, was observed to have a “white pupil” in the right eve 
ne month before examination. The left eye was normal. The right eye was 
‘oderately injected; the cornea was hazy, and the iris was discolored, dilated and 


xed. Large whitish masses with blood vessels in evidence bulged forward in 
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the vitreous to the retrolental space. The masses were largest in the lower and 
lateral portions, and one surface seemed to show clusters of glioma cells. The 
tonometric tension was 46 mm. Stereoroentgenograms revealed a faint and diffise 
shadow in the right orbit, not sufficiently well shown to be characteristic. The 
eye was enucleated, and roentgenographic examination showed small, diffuse psam- 
mous bodies throughout the posterior segment. The pathologic diagnosis was 
retinoblastoma. 

Case 9.—Retinoblastoma in the first stage; no calcium shown in the roent- 
genograms of the orbits. Enucleation. No calcium revealed in the roentgenograms 
of the globe; no calcareous degeneration observed in histologic sections. 

A. G., a boy of 2 years, was brought for examination because a “white spot” 
had been observed in the right eye a few weeks before. Examination with 
the patient under anesthesia disclosed a yellowish mass in the temporal half of the 
globe, with cell clusters projecting into the vitreous. Roentgenograms of the 
orbits failed to show shadows of calcium. The eye was enucleated, and roent- 
genographic examination again failed to reveal calcium. No calcareous degenera- 
tion was shown in histologic sections. The pathologic diagnosis was retino- 
blastoma. 





Fig. 6—"Bone-free” roentgenogram of the left eye in case 7, showing the 
deposits of calcium in the lower right corner. 


Case 10.—Unilateral retinoblastoma in the first stage; no calctum shown in 
roentgenograms of the orbits. Enucleation. No calcareous degeneration im_ the 
tumor, 

M. S., a girl aged 14 months, was brought for examination because a_ pedia- 
trician had observed detachment of the retina of the left eye. The tension of the 
eye was normal, and the pupil reacted normally. The interior contained a large 
yellowish mass in the inferior portion of the retina, which extended nasally and 
temporally. Several floating clumps of cells were present in the vitreous. Roent- 
genograms of the orbits failed to show shadows of calcium deposits. The eye 
was enucleated, and roentgenograms of the globe also failed to show calcium. 
In histologic sections likewise no calcareous degeneration was observed. The 
pathologic diagnosis was retinoblastoma. 


CALCIUM IN OTHER OCULAR CONDITIONS 


Calcium may be deposited in the eye in other diseases, and roent- 
genographic shadows of such deposits must be differentiated from 
shadows of the psammous bodies of retinoblastoma. Deposits in the 
senile eye need not be considered, for the age limit for this condition 
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is outside that for the occurrence of retinoblastoma, and there should 
he no confusion. Heteroplastic bone in the choroid occurs usually in 
older patients with atrophy or phthisis of the eve (fig. 7). A roent- 
eenographic shadow of bone in the choroid has fairly regular margins 
and density and is crescentic, though the shape depends on the angle of 
projection. Calcium in the lens is revealed on the roentgenogram as a 
globular mass or, if the cortex only is calcified, as a small curvilinear 
shadow not more than 12 mm. in diameter. It is commonly found 
coexistent with bone in the choroid but may be observed in an other- 
wise apparently uninvolved eye. Calcification of a luxated lens is not 
uncommon. The shadow of calcareous degeneration in retinoblastoma 
is characteristically mottled and of irregular outline. In case of retino- 





lig. 7.—Roentgenogram of the orbits showing typical shadows of calcium in 
the lens and of heteroplastic bone in the choroid of an atrophic eye. A roentgeno- 


or 


gram of the globe after enucleation is shown on the left. 


blastoma the eye may shrink and atrophy, and the condition may be 
regarded as pseudoglioma. Thus, roentgenographic study of such an 
eve should indicate the true nature of the condition. 


TECHNIC 
The usefulness and success of this method are directly proportional 
to the success of the roentgen technic emploved, for only in roentgeno- 
vrams of good detail can the sometimes minute shadows be detected and 
ditferentiated. 
Stereoscopic films are of the utmost value, and such exposures 
should be made of the orbits with the patient's head in the Caldwell 
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position, as for examination of the sinuses, and with the patient under 
general anesthesia. If instantaneous exposures (one-twentieth second ) 
are used with the large focal spot of the tube, the distance between the 
tube and the cassette should be increased to at least 36 inches (91 cm.), 
and a small cone should be attached. The Pfeiffer * device for pro- 
jection of the optic canal is used in the laboratory with which I am 
associated because it aids greatly in maintaining the position of the head 
and in immobilization, and at the same time it reveals the optic canal 
on the film in true contour. 


The technic of “bone-free” roentgenographic examination of the 
anterior segment of the eye advocated by Vogt * should be used in con- 
junction with the usual projections, as in localization of a foreign body. 
Roentgenograms taken by this method reveal minute bodies of density 
slightly greater than that of the tissues of the eye. Such films are so 
delicate that they may reveal several granules in a retinoblastoma if the 
eye is rotated in such a fashion as to interpose the tumor between 
the tube and the film (fig. 6). The retro-orbital injection of procaine 
hydrochloride or other nonirritating fluid or the injection of air in 
Tenon’s capsule may be used to produce proptosis of the eye in order 
to expose more of the globe to roentgenographic examination. 


SUMMARY AND CONCLUSION 


Caleareous degeneration in retinoblastoma can be shown by roentgen 
examination, and the sandy bodies in the tumor are revealed on the film 


by characteristic mottled or granular shadows. It is shown that cal- 


careous degeneration is frequent in cases of retinoblastoma and that it 
varies in extent. In 75 per cent of twenty laboratory specimens calcium 
in some degree was shown on the roentgenograms. The specimens 
were not whole globes, and accurate deductions could not be made con- 
cerning the relationship between the size and stage of development of 
the tumor and the amount of calcium present. 


The application of this observation is well shown in the roentgeno- 
graphic study of fourteen cases in which the clinical diagnosis was 
probable retinoblastoma. 


In ten of the fourteen cases retinoblastoma 
was proved histologically, and in eight of these shadows of calcium 
were shown in the orbit before enucleation. In four of the eight cases 
retinoblastoma was bilateral, and in three of these instances calcium 
was shown in both orbits. Therefore, if it is granted that the asso- 
ciated and unproved growth in the cases of bilateral tumor was retino- 

3. Pfeiffer, R. L.: A New Technic for Roentgenography of the Optic Canals, 
Am. J. Roentgenol. 29:410 (March) 1933. 

4. Vogt, A.: Skelettfreie Aufnahmen des vorderen Bulbusabschnittes, Schweiz. 
med. Wehnschr. 51:145, 1921. 
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blastoma, calcium was shown in the globes in situ in eleven of the 
fourteen eyes in which retinoblastoma was present. In the two cases 
of retinoblastoma in which there was failure to show calcium, the tumor 
was in the first stage, and in one the growth nearly filled the vitreous 
chamber. In the four cases of pseudoglioma no calcium was shown in 
the orbits by roentgenographic examination before or after enucleation. 

The roentgenographic shadows of psammous bodies in retino- 
blastoma are differentiated from shadows of heteroplastic bone in the 
choroid and other calcium deposits in the eye. On the basis of this 
work it is contended that in approximately 75 per cent of the cases of 
retinoblastoma there is sufficient calcareous degeneration to be recog- 
nized roentgenographically and that the granular and irregular shadow 
is pathognomonic of tumor when found in children. 





FREE CYST FLOATING IN THE ANTERIOR 
CHAMBER 


REPORT OF A CASE 


WILLIAM H. EVANS, M.D. 


YOUNGSTOWN, OHTO 


The rarity in the literature of reports of cases of free floating cyst 


of the eye indicates that such cysts are of infrequent occurrence. | 
have been able to find references to thirty-two cases of such a condition. 
Meding ' and Seech ? each reported a case of free cyst floating in the 
vitreous, and together they cited eleven additional cases which had pre- 
viously been reported. This paper is concerned only with free floating 
cyst of the anterior chamber. 

In 1928 Clapp * described a case of free cyst of the anterior cham- 
her and reviewed the literature. The cases, including his own, numbered 
eighteen. Since that time Lewis * has reported one case, in which the 
cyst was: removed and observed on microscopic examination to be a 
retention cyst of the iris. 

According to Clapp, Businelli, who described the ‘first case, and 
A\petz expressed the belief that a cyst of this type is a product of 
developmental arrest and possibly is closely associated with the pupillary 
membrane. He stated that Fuchs and Bock expressed the belief that 
it is produced by an excrescence of pigment epithelium at the pupillary 
margin or from the posterior surface of the iris, while Greeves, who 
made a microscopic study in Spicer’s case, concluded that it developed 
from embryonal retinal tissue from the pars ciliaris and contained 
vitreous. The walls of the cyst resembled glioma tissue. On = micro- 
scopic study of two cysts Meller observed in each case a delicate wall of 
connective tissue, with numerous pigment granules on the external sur- 
face and a gelatinous mass in the center. 


Presented before the Cleveland Ophthalmological Club, Oct. 16, 1934. 


1. Meding, C. B.: Free Cyst Floating in the Vitreous, Arch. Ophth. 11:973 
(June) 1934. 


2. Seech, S. G.: Congenital Cyst in the Vitreous, Arch. Ophth. 11:947 (June) 


1934. 
3. Clapp, C. A.: Report Upon a Case of Free Cyst in the Anterior Chamber, 
Tr. Am. Ophth. Soc. 26:111, 1928. 


4. Lewis, J. B.: A Cyst of the Iris Loose in the Anterior Chamber, M. J. 
Australia 2:454 (Oct. 8) 1932. 
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Clapp concluded that in a few cases surgical removal possibly was 
required because of an increase in intra-ocular pressure or in the size 
of the tumor. ; 

In the discussion of Clapp’s case de Schweinitz* reported an 
instance in which a small brown cystlike body was seen bobbing about in 
the anterior chamber. At first he thought that the cyst was free, but 
aiter careful focusing he found that it was attached to the iris by a 
fine strand of pupillary membrane. He expressed the opinion that in 
other cases of cyst of the iris reported as apparently free there may 
have been similar attachments. 


REPORT OF CASE 


G. T., an unmarried woman aged 39, was first examined on July 26, 1934. She 
stated that for three or four years prior to examination she had noticed a small 
dark mass in the anterior part of the left eye. When it first appeared, it was 
much darker and smaller than at the time of observation. It had caused no incon- 
venience, except that when the patient leaned forward it often floated in front 
ot the pupil and obscured the vision of the left eye. There was no history of 
injury or infection of the eye. 

The family history was without significance except that the mother had under- 
gone removal of a cataract in her seventieth year. 

Examination revealed a normal-appearing eye except for a small double convex, 
kidney-shaped mass in the anterior chamber, which was mottled with pigment. 
The mass was about 4 mm. long and 2 mm. thick. While the patient was in the 
upright position it rested at about the position of 6 o'clock, but when she leaned 
forward sufficiently it gravitated to a position of about 12 o’clock. There was no 
evidence of connection between the mass and any portion of the eye. 

Without correction vision in the right eye was 20/30, and with a correction 
of —0.37D sph. ~—0.50 cyl., axis 15°, it was 20/20. Without correction vision in 
the left eve was 20/50, and with a correction of + 25D sph. — —1.25 cyl., axis 
165°, it was 20/20. 

Ophthalmoscopic examination of the fundi gave negative results. 

With the permission of Dr. A. D. Ruedemann, drawings of the eye are pre- 
sented. Examination with the slit lamp (Dr. Ruedemann) revealed a serous cyst 
filled with semifluid material, with a delicate epithelial wall made up of small pig- 
ment cells. 

On Nov. 8, 1934, with the area under cocaine anesthesia, an incision with the 
keratome was made at the limbus at the position of 12 o'clock, and the cyst was 
removed by gentle irrigation of the anterior chamber. 

Convalesence was uneventful, and two weeks after the removal of the mass the 
patient returned to work as a bookkeeper. 

On Dec. 1, 1934, the manifest refraction of the left eye was — 0.25 sph. — —0.25 
eyl., axis 85°, and with this correction vision was improved from 20/30 to 20/20—. 
“ince that time the patient has worn this correction with comfort. 

The microscopic examination of the specimen (Dr. Frederick H. Verhoef) 
“as reported as follows: The wall consisted of pigment epithelium, evidently 

rived from the iris. With oil immersion the pigment granules were observed 


>. de Schweinitz, G. E., in discussion on Clapp.* 
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Fig. 1—Drawings of the eye, showing (4) observations with the slit lamp, 
magnification about 12, and (B) a free floating cyst in the anterior chamber of 
the left eye. 


Fig. 2.—Drawing of the microscopic appearance of the wall of the cyst. 
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to be small and round. Faintly staining nuclei could be seen, but no cell outlines. 
In bleached specimens the nuclei failed to stain. The tissue was, of course, greatly 
distorted in the preparation, so that in places the wall seemed thick and in others 
thin, owing to oblique sectioning. The thinnest places no doubt indicated the 
actual thickness of the wall, and in these areas the thickness was about one-half 
that of normal pigment epithelium. In my opinion there is no doubt that this 
cyst arose from the pigment epithelium of the iris. Probably it arose at the 
pupillary margin and finally broke away. I have seen such cysts still attached 
to the pupillary margin. 





NEOARSPHENAMINE INO THE TREATMENT OF 
NONSYPHILITIC INFLAMMATIONS OF 
THE UVEAL TRACT 


HUGO LUCIC, M.D. 


CHEYENNE, WYO. 


Acute inflammations of the iris and ciliary body of determinate 
origin usually respond readily to the specific therapy indicated. Most of 
those of obscure etiology respond favorably to the injection of non- 
specific foreign protein, the administration of salicylates and the stand- 
ard local application of heat and mydriatics. Some of the acute forms 
and numerous chronic forms of iridocyelitis and uveitis of indeterminate 
origin do not respond to any type of treatment. The prognosis in 
these, under the most satisfactory conditions, is unfavorable. S. R. 


(uifford,' in a review of the ae of acute iritis including his own 


contribution on 118 cases, showed that the etiologic factor can be deter- 
mined, on the average, in only 78 per cent of the cases. 

In 1887, H. Gifford * advocated the use of large doses of sodium 
salicylate in the treatment of sympathetic ophthalmia. Since then this 
method has become practically a standard in the treatment not only of 
sympathetic ophthalmia but of acute inflammations of the uveal tract. 
While this drug certainly produces excellent results in the average case, 
there are cases of acute iritis and occasionally of sympathetic ophthalmia 
in which it is apparently of little value. This fact has induced me to 
search for an adjuvant in the treatment of obstinate forms. 

Among various empirical remedies tried in the treatment of sympa- 
thetic ophthalmia and other uveal inflammations, arsphenamines have 
proved favorable. Soon after arsphenamine began to be applied widely 
in the treatment of syphilis, Orcutt * reported two hopeless cases of 
sympathetic ophthalmia in which benefit followed medication with 
this drug. Arruga‘ reported favorable results obtained in the large 

In each case in which the use of atropine and epinephrine in treatment is 
mentioned atropine sulfate U.S.P. and epinephrine hydrochloride U.S.P. are 
referred to. 


1. Gifford, S. R.: Am. J. Ophth. 14:100 (Feb.) 1931. 


2. Gifford, H., in Wood, C. A.: American Encyclopedia and Dictionary otf 
Ophthalmology, Chicago, Cleveland Press, 1920, vol. 16, p. 12369. 

3. Orcutt, D. C.: Ophth. Rec. 25:572, 1916. 

4. Arruga: Espana oftal., August 1919; abstr., Jackson, E.: Ophthalmic Year 
Book, Chicago, Ophthalmic Publishing Co., 1920, vol. 16, p. 122. 
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majority of cases in which he had treated sympathetic ophthalmia 
with arsphenamine over a period of five years. Zanck, Pelzois and 
Ravant in France and Stokes* in this country demonstrated that 
arsphenamine is remarkably beneficial in the treatment of tuberculids 
and tuberculous glands. The drug has also been found of value in 
the treatment of chronic arthritis, chorea and streptococcic septicemia. 

Benedict and O’Leary® reported a series of twenty-four cases of 
various types of uveitis in which antisyphilitic drugs were used, includ- 
ing arsphenamine, and while the results were more satisfactory in the 
detinitely syphilitic ones, effects in the nonsyphilitic ones were generally 
gratifying. 

De Schweinitz* stated that neoarsphenamine had been used in the 
treatment of postoperative iridocyclitis and sympathetic ophthalmia with 
good results. Altube and Satanowsky * reported a case of sympathetic 
ophthalmia in which great improvement was observed under arsphena- 
mine therapy. Elewant* concluded that neoarsphenamine has a definite 
value in the treatment of sympathetic ophthalmia. Lundsgaard,’® Rollet 
and Bussy,'! Palic-Szanto 1? and Browning '* reported excellent results 
in the treatment of sympathetic ophthalmia with intravenous injections 
of neoarsphenamine. 

Conclusions from Osborn’s * work indicate that trivalent arsenicals 
(arsphenamine and neoarsphenamine) have an affinity for structures 
of mesodermal origin, especially the vascular structures. This fact 
enhances the value of neoarsphenamine in the treatment of inflammations 
of the uveal tract. 

The action of arsphenamine in syphilis is not clear. Hata, Rosen- 
thal'* and others have shown that the action is not direct on Spiro- 
chaeta pallida. After injection of the drug, no effect is found on the 
spirochetes for from five to eight hours. The effect coincides with 
the reactive symptoms of the patient, and the organisms gradually dis- 
appear during the next twelve to twenty-four hours. This suggests 


5. Stokes, J. H.: Clinical Syphilology, ed. 2, Philadelphia, W. B. Saunders 
Company, 1934, pp. 199 and 294. 

6. Benedict, W. L., and O'Leary, P. A.: Tr. Pacific Coast Oto-Ophth. Soc., 
1922, p. 44. 

7. de Schweinitz, E.: Diseases of the Eye, ed. 9, Philadelphia, W. B. Saun- 
ders Company, 1921. 
. Altube, J. C., and Satanowsky, P.: Semana méd. 2:336, 1922. 
9. Elewant, H. M.: Arch. méd. belges 77:356, 1924. 
10. Lundsgaard, K. K.: Acta ophth. 2:189, 1924. 
11. Rollet and Bussy: Lyon méd. 181:499, 1922. 
12. Palic-Szanto, O.: Klin. Monatsbl. f. Augenh. 69:799, 1922. 
13. Browning, S. H.: Tr. Ophth. Soc. U. Kingdom 46:249, 1926. 


14. Moore, J. E.: Modern Treatment of Syphilis, Springfield, Ill, Charles C. 
Thomas, 1933, p. 67. 
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the formation of a new, possibly nonspecific substance which is detri- 
mental to the organisms. Opinions differ as to the nature of the new 
substance, and while laboratory evidence suggests that it may be 
arsenoxide, this has not been proved. 


Neoarsphenamine is administered by the intravenous route, and the 
individual dosage is that recommended by syphilologists for the patient 
with syphilis. It is rarely necessary to give more than four injections 
in the treatment of acute iritis. In the treatment of chronic uveitis 
and of sympathetic ophthalmia it is essential to administer several inter- 
mittent injections. In each case one is guided by the reaction caused 
and the clinical results obtained. It is well to remember that in a major- 
ity of the cases the drug is being administered in the presence of a 
focus of infection and that complications may arise. Whenever possible, 
the administration of arsphenamines should be undertaken only by one 
versed in this specialty. 

Having obtained gratifying results in an apparently hopeless case 
of sympathetic ophthalmia with the use of neoarsphenamine, I considered 
it worth while to try this drug in the treatment of other types of non- 
syphilitic uveitis. 

REPORT OF CASES 


Case 1—A man, 61 years of age, was first seen on July 22, 1933. Six weeks 
previously he was hit in the left eye by a piece of window glass, which caused 
temporary blindness. He was immediately treated by an ophthalmologist. No 
operative procedure was undertaken, but the patient was under constant care for 
six weeks. Then he was dismissed with the eye doing well. Several weeks later 
he suddenly suffered severe pain, which lasted twenty-four hours, and the vision 
became much worse. The pain subsided, but the vision remained poor. 

The ophthalmologic examination showed moderate pericorneal congestion with 
a large corneal wound and prolapse of a large part of the iris. The pupil was 
contracted, eccentric and completely occluded. The iris was congested. Vision 
was confined to perception of light. The right eye was normal with vision of 
20/20+2. The general physical examination revealed three teeth with apical 
abscess formation. The Wassermann test of the blood and tuberculin tests were 
negative. 

An evisceration was done by his physician on July 24. On July 30, the patient 
complained of blurry vision in the other eye. The vision was 20/70. The 
anterior chamber was hazy, and a few deposits could be seen on the anterior 
capsule of the lens. Branches of the central vein were congested. The patient 
was given three intravenous injections of typhoid vaccine, and each was followed 
by a good systemic reaction; following this, he was given sodium salicylate to 
toleration, and atropine and heat were applied locally. He also was given two 
injections of neoarsphenamine three days apart. Under this treatment, the condi- 
tion of the eye improved slightly. During the next four weeks, the patient was 
treated systematically with injections of milk and the administration of heavy 
doses of salicylates. While I did not see the patient during this time, the records 
show that the eye became worse with a rise in tension (50 mm., Schidtz), and a 
consultation was held. On September 7, the vision was 18/200. There was a 
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typical clinical picture of sympathetic ophthalmia with haziness of the vitreous 
and severe optic neuritis. On this day he was given 0.30 Gm. of neoarsphenamine, 
followed by 0.45 Gm. the next day. On September 9, the vision was 20/100. On 
September 10, he received 0.60 Gm. of neoarsphenamine and a similar dose on 
September 12. -On September 13, the vision was 20/70. On September 15, he 
received 0.60 Gm. of neoarsphenamine and a similar dose on September 17. On 
September 18, his vision was 20/50, and the tension was 25 mm. During 
the next three months, he received 0.60 Gm. of neoarsphenamine weekly, at the 
end of which period his vision was 20/40 —2. In the course of the following two 
months, he was given biweekly injections of neoarsphenamine (0.60 Gm.) alter- 
nated with an intramuscular injection of a preparation of bismuth (2 grains 
[0.13 Gm.]). On Feb. 28, 1934, his vision with slight correction was 20/30. The 
corneal deposits were less numerous, and the vitreous became clearer so that the 
nerve head was again discernible. Papillitis was still present but was of a mod- 
erate degree. This patient was seen last in October 1935, at which time he had 
vision of 20/30. 

Case 2.—A man, 36 years of age, was first seen on May 10, 1933. He com- 
plained of having suffered from inflammation of the left eye and photophobia for 
a week. For the last two days he had experienced pain and noticed that his 
vision was blurred. He had had similar trouble in the same eye two years 
before, and at that time he had been treated for iritis for about eight weeks. Dur- 
ing tnat period his tonsils had been removed. 

The Wassermann test of the blood was negative. The diagnosis of acute iritis 
was made. Vision in the right eye was 20/20 and in the left 20/40. The general 
examination revealed nothing. Under atropine, heat and large doses of salicylates, 
the eye showed some improvement in the next eight days. On the tenth day the 
eye appeared much worse, with a thick, plastic disciform exudate in the region 
of the pupil and a hypopyon. The patient complained of considerable pain. The 
vision was reduced to perception of hand movements. The patient was sent to 
the hospital on May 20 and was given three doses of typhoid vaccine, after which 
the condition of his eye improved greatly. On the fifth day he was dismissed 
from the hospital under treatment. Three days later, pain developed, with the 
exudation recurring, and the vision was reduced again. The patient was given 
(0.45 Gm. of neoarsphenamine at about 10 a. m. on this day, and the use of the 
salicylate was discontinued. The next day he stated that the pain had begun to 
disappear about 6 p. m., and that it had disappeared completely by 11 p.m. Now 
the entire mass of exudate was gone, as seen with the naked eye. The pupil was 
well dilated and regular. The patient was given 0.60 Gm. of neoarsphenamine 
the third day and again on the eighth day, June 3. On June 6, the vision in the 
left eye with correction was 20/30. This patient received no other treatment. On 
Jan. 28, 1935, the vision in this eye was 20/20. 

Case 3—A man, 30 years of age, was first seen on Aug. 10, 1933. For the 
past eight years he had had iritis alternately in the right and the left eye every 
two years. He complained that for two days his right eye had been painful and 
his vision blurred. Vision in the right eye was confined to perception of hand 
movements; in the left eye it was 20/30. The right eye was acutely congested 
and showed a plastic exudate in the pupillary region and a hypopyon filling one 
fourth cf the anterior chamber. The physical examination indicated chronic gonor- 
rheal inflammation of the prostate. The Wassermann test of the blood was nega- 
tive. The patient was given two intramuscular injections of milk, with no reaction, 
ard three intravenous injections of typhoid vaccine, with the expected systemic 
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reactions. Atropine and heat were used locally. The patient was also given 
prostatic massage. Under this treatment the condition of the eye improved very 
slightly. When the injection of foreign protein was discontinued, the eye became 
worse. On August 18, the patient was given 0.40 Gm. of neoarsphenamine intra- 
venously. The next day his eye was better. The fourth day his vision was 
20/100; on this day he was given 0.60 Gm. of neoarsphenamine. Three days later, 
the vision in this eye with correction was 20/30. 


Case 4.—A man, 38 years of age, was first seen on Oct. 13, 1933. He com- 
plained of slight pain and photophobia in the left eye. Examination showed mild 
iritis and tonsillar disease. The Wassermann test was negative. The vision in 
this eye with correction was 20/30. The patient refused to have a tonsillectomy. 
He was given two intramuscular injections of milk and two intravenous injections 
of typhoid vaccine, with application of atropine and heat locally. The condition 
of the eye improved somewhat, but the pupil did not dilate freely. Two doses of 
neoarsphenamine were then given, 0.40 and 0.60 Gm., respectively, three days 
apart. The pupil dilated freely following the second dose, and the patient was 
dismissed with vision of 20/20. He returned on Dec. 1, 1934 with recurrent 
iritis in the same eye. The vision in this eye was now 20/40. Two doses of 
neoarsphenamine were given, 0.40 and 0.60 Gm., respectively, with rapid improve- 


ment. At this time the patient submitted to a tonsillectomy and was dismissed 
with visual acuity equal to 20/20. 


Case 5.—A woman, 32 years of age, was first seen on Jan. 14, 1934. She 
complained of blurring of vision, severe photophobia and pain in the left eye, 
experienced for two weeks. She also stated that she had had iritis twice before 
in the past four years, once in each eye. She had had a Wassermann test of the 


blood made on each occasion, and each test had been negative. The left eye 
showed iritis of moderate severity and vision of 20/40. She had diseased tonsils. 
The Wassermann test of the blood was again negative. 


doses of a mixture of kaolin and magnesium salicylate with a calcium compound 
with atropine and heat locally. 


She was given massive 


At the end of four days, her eye was worse, with 
a thick, plastic disciform exudate in the pupillary region, a hazy anterior chamber 
and a small hypopyon. The vision was now confined to perception of hand move- 
ments. At this stage, instead of foreign proteins, she was given 0.30 Gm. of 
neoarsphenamine. The condition of the eye improved within twenty-four hours. 
Another dose of this drug (0.45 Gm.) was given on the third day, again followed 
by improvement. After a third dose (0.45 Gm.) was given four days later, the 
condition of the eye remained stationary with vision of 20/70. The pupil did not 
dilate well and, while the anterior chamber was much clearer, some haziness still 
persisted with deep ciliary congestion. A tonsillectomy was then performed, 


which was followed by a rapid complete recovery. The final vision with correction 
was 20/20. 


Case 6.—A woman, 30 years of age, was first seen on Oct. 31, 1934. She had 
had photophobia and pain in the left eye for three days. The previous history 
showed that she suffered from iritis in the left eye in 1923, following typhoid 
fever. The diagnosis of severe acute iritis was made. The vision in this eye was 
20/100. The general physical examination disclosed nothing; the Wassermann 
test of the blood was negative. Heavy doses of sodium salicylate were given, ard 
heat and atropine were applied locally. The pupil did not dilate under 5 per cent 
atropine and epinephrine. The patient was given three intramuscular injections 
of whole milk, but no improvement followed. On November 6, she was given 
0.30 Gm. of neoarsphenamine. On November 7, her left eye felt and looked much 
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better, with the pupil widely dilated. Another dose of neoarsphenamine (0.45 Gm.) 
was given on November 9. On November 11, almost all the congestion had dis- 
hppeared, the anterior chamber was clear, and the vision with slight correction 
was 20/20. 

Case 7.—A woman, 40 years of age, was first seen on May 7, 1935. In 1918, 
che was in the hospital for six weeks because of iritis in the right eye. She again 
had iritis in the left eye in 1926. According to her physician the Wassermann 
test of the blood in 1926 was negative. On examination in the present instance 
she stated that the left eye had been painful and congested for a week. The ton- 
sils were diseased. The Wassermann test of the blood was negative. The left eye 
was congested, the anterior chamber hazy, and the pupillary region completely 
occluded by a thick exudate. The vision was 20/200. On May 8, 0.30 Gm. of 
neoarsphenamine was given. Heat and atropine were used locally. On the fol- 
lowing day the eye felt and looked much better. On May 10, the vision was 
20/100. A second dose of neoarsphenamine (0.45 Gm.) was administered on 
May 12 and another on May 16. On May 20, the vision in the left eye was 
20/20—1. This patient had no other treatment. 


Cast 8—A man, 34 years of age, was first seen on June 6, 1935. Two days 
previously, his left eye had become sore, congested and irritable to light. His 
vision was 20/20 in the right eye and 20/30 in the left. The diagnosis of acute 
iridocyclitis was made. The general examination showed that he had diseased 
tonsils and two bad teeth. He refused to have these corrected. The Wassermann 
test of the blood was negative. Heavy doses of sodium salicylate, with local appli- 
cation of atropine and heat, were prescribed. The patient made no progress. The 
pupil did not dilate satisfactorily, the corneal deposits increased, and the anterior 
chamber became more opaque. On June 15, the pupil was occluded by a fresh, 
thick, plastic disciform exudate. His vision was confined to perception of hand 
movements. The patient was persuaded to enter a hospital. There the condition 
at his eye improved slightly under three intravenous injections of typhoid vaccine 
and the administration of acetylsalicylic acid by mouth. He was then given two 
injections (0.45 Gm.) of neoarsphenamine two days apart, and the condition of 
the eye improved remarkably. He was sent home on June 26, with the advice 
that his teeth and tonsils should be taken care of. He had both teeth extracted 
on June 27. On July 13, his vision in the left eye with correction was 20/30. On 
July 18, he had a mild recurrence, his vision being 20/50. On this day, 0.45 Gm. 
of neoarsphenamine was given, and on the following day the condition of the eye 
was much improved. Three days later, he was given 0.60 Gm. of neoarsphenamine. 
On August 2, his vision was 20/20. A tonsillectomy was done the next day, and 
a second Wassermann test was made, which was negative. . 


Cast 9—A boy, 16 years of age, was first seen on Oct. 15, 1935. He had 
heen treated for “pink eye” for a week. The night before he had suffered so much 
pain in the left eye that he had been unable to sleep. The diagnosis of acute 
iritis with posterior synechia was made. The vision was 20/50. The general 
examination revealed nothing, and the Wassermann test of the blood was negative. 
Atropine, epinephrine and heat did not succeed in tearing the adhesions. The next 
day, he was given 0.30 Gm. of neoarsphenamine. The result was almost miraculous 
—within twenty hours the pupil dilated widely and regularly, most of the ciliary 
congestion disappeared, and the chamber became clear. Final vision with correc- 
ton was 20/20. 

Case 10.—A woman, 50 years of age, was first seen in August 1931. In March 
1926, her right eye had become inflamed. She consulted several ophthalmologists, 
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and the diagnosis of tuberculous iridocyclitis was made. During the next ten 
months she had several bad teeth extracted and was treated with tuberculin, but 
the eye gradually became worse. In January 1929, inflammation developed also in 
the left eye and was diagnosed as tuberculous iridocyclitis. On removal of the 
tonsils and extraction of several bad teeth plus the usual local treatment of the 
eye, the condition improved considerably. On all occasions the Wassermann test 
of the blood was negative. The examination showed chronic iridocyclitis of the 
right eye with seclusion of the pupil and lenticular opacity. The vision was con- 
fined to perception of light. The left eye also showed signs of chronic irido- 
cyclitis. The pupil was somewhat irregularly dilated and immobile. The vision 
was 20/70. She was given eight injections of neoarsphenamine and four of a 
bismuth preparation over a period of three months, at the end of which time the 
vision in the left eye was 20/30, and there was no improvement in the right eye. 
Her vision remained stationary during the next three years, and then it began to 
fail again. She was given a course of sweats induced by pilocarpine hydrochloride, 
without beneficial results. The patient was not seen again until Nov. 8, 1935, at 
which time her vision was 20/70. She was given four doses of neoarsphenamine 
(0.30 Gm. in the first dose and 0.60 Gm. in subsequent ones) two days apart, and 
on November 18 her vision was 20/40—1. At the present writing, the patient is 
still under treatment. 


It may be stated that neoarsphenamine was tried also in three other 
cases of chronic iridocyclitis, in two of which the inflammation was 
tuberculous. Definite improvement was obtained in the tuberculous 
conditions, but a detailed report is not warranted as tuberculin was 
used coincidentally. In the third case the condition was one of doubtful 
etiology, and benefit was not derived from three doses of neoarsphena- 
mine. The patient refused further treatment. 


CONCLUSIONS 


1. Arsphenamines are beneficial not only in the treatment of syphi- 


litic inflammation of the uvea but also in that of certain other types 
of uveitis. 


2. Neoarsphenamine is of definite value in the treatment of acute 


and chronic iridocyclitis of doubtful etiology and of that due to focal 
infection. 


3. Neoarsphenamine is also definitely effective in the treatment of 
sympathetic ophthalmia. 














































KINETIC TEST FOR STEREOSCOPIC VISION 


F. H. VERHOEFF, M.D. 
BOSTON 


In previous articles I have described two tests ' which when positive 
results are obtained I believe to be the only conclusive tests for stereo- 
scopic vision that have heretofore been brought forward. As I pointed 
out then, all other tests, including Hering’s test with falling balls, do 
not eliminate the possibility of involuntary guessing. These two tests, 
however, require fairly high visual acuity. Moreover, with any form 
of subjective test there is a certain degree of probability when the 
results are negative that consciousness has rejected the information sent 
to it, and with these stereoscopic tests this probability also exists to a 
considerable degree. Recently I have devised a test for stereoscopic 
vision in which the effect of depth is so marked that the probability of 
the stereoscopic information being rejected is reduced to a minimum 
and which can be employed successfully when the visual acuity in one 
or both eyes is as low as 1%opo. 

The new test introduces three features that, so far as I know, have 
never previously been employed for testing the perception of depth, 
namely: (1) the perception of motion forward and backward, due to 
motion of a retinal image in one eye only; (2) the utilization of strong 
monocular perspective to prevent conflict between monocular and binocu- 
lar information, and (3) the utilization of replacement, dependent on 
high attention value, to identify a retinal image that is apparently 
moving but is actually stationary. Elsewhere? I have discussed at 
length the phenomenon of replacement, commonly called “suppression.” 
A method not hitherto used in testing stereopsis by means of diagrams 
is the utilization of change in disparateness without change in conver- 
gence. This eliminates the need of dissociating convergence and accom- 
modation. 

The figures employed for use in an ordinary Brewster stereoscope 
are shown half-size in the illustration. Each figure is drawn in strong 
monocular perspective and represents a transparent box with a square 
front end and a smaller rear end. Within the box there is a free 
disk, to be described as a ball, which, as seen in the figure on the left, 

Read at the meeting of the American Ophthalmological Society, Hot Springs, 
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has a central hole. The figures are depicted, preferably by photographic 
methods, on transparent film or glass. On the left, the box and the 
ball are shown on the same sheet of film, but on the right, on separate 
sheets. Each figure is fastened securely behind a square window cut 
in a piece of cardboard or other support. In the illustration the positions 
of the windows are indicated by the large squares. It will be observed 
that the actual windows enhance the monocular perspective. The window 
on the left is immovable but that on the right is so arranged that, with 
the attached film, it can be moved laterally for a distance of about 
6mm. Close behind the figure on the right the separate film with the 
solid disk (“ball”) is placed in grooves so that it can also be moved 
laterally independently of the window. To make the movements more 
delicate I have employed levers, but their use is not essential. For 
illumination, light reflected from a uniform surface, such as a wall or 
a sheet of white paper, is satisfactory, but better still is light transmitted 
through milk-glass placed behind the windows. 

When the two figures are viewed in the stereoscope, a figure is seen 
that closely resembles an actual transparent box slightly askew and 


Figures used in the kinetic test for stereoscopic vision. 


smaller at the distal end, so placed in the midline that the central longi- 
tudinal axis passes through the left eye. Before the test is made, the 
figures are so adjusted that, to an observer with stereoscopic vision, the 
unified ball appears within the box. The subject is then instructed to 
watch the ball closely and to state whether he sees a hole in it. If he 
does not, he probably has no binocular fixation under the conditions 
obtaining, and the test fails. If he sees the hole, the window on the 
left is moved slightly from side to side. If then he sees a perforated 
ball or the box or both move forward and backward, he obviously has 
stereoscopic vision. The movement, of course, is not directly forward 
or backward but is in the direction indicated by the tracks in the box. 
If the apparent position of the perforated ball with reference to the 
box does not change or if the hole in the ball disappears while the ball 
or box moves sideways only, the result of the test is negative. In 
subjects with perfect stereopsis the hole in the ball may at times dis- 
appear momentarily, due to rivalry, but the hole has so high an 


attention value that its disappearance is too brief and infrequent to 
interfere with the test. 
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If the test is made as just described, change in binocular fixation 
and consequent dissociation of accommodation and convergence do not 
occur. Both are necessitated, however, if, instead of the window, the 
sheet of film with the solid ball is moved. Nevertheless, this modifica- 
tion of the test generally succeeds if the first test has done so. Subjects 
with stereoscopic vision usually see a perforated ball move back and 
forth, whereas the box remains immovable. Even under such condi- 
tions, however, the box may also at times appear to move but never 
moves alone. If there is no stereopsis the perforated ball does not 
appear to move. If this is due to imperfect function of binocular 
fixation, the perforated ball disappears, and the solid ball is seen to 
move sideways, or both balls become visible, the solid ball separating 
from the other and moving sideways only. If the ball is moved very 
slowly at first and the excursion and rate of movement are then increased, 
it is probable that the function of binocular fixation can be enhanced 
when deficient. 

The test can, of course, be adapted to any type of stereoscope, includ- 
ing the amblyoscope. The latter, however, is usually provided with 
ordinary silvered mirrors, which give disturbing double reflections. If 
chromium-plated mirrors are substituted for these, the amblyoscope 
becomes satisfactory for use in this test. The figures must be suitably 
reduced in size, and I have found it convenient to move the film by 
means of a rack and pinion. 

As has been stated, the test can successfully be employed when the 
visual acuity is extremely low. I have found subjects who could pass 
the test when the visual acuity in one eye was as low as %oo. I have 
found in experiments performed on myself that the test is still successful 
when I place before one or both eyes a +4 diopter spherical lens, 
although this reduces my visual acuity to less than 1%o9. A +8 diopter 
lens, which reduces my visual acuity to 4499, when placed before each 
eye does not abolish stereopsis but when placed before one eye only 
does do so. If the figures were made larger, the test would, no doubt, 
succeed with still lower visual acuity. Probably when there is a great 
difference in the visual acuties of the two eyes, the figure with the 
perforated disk should be placed before the eye with the poorer vision, 
but I have not yet demonstrated this to be a fact. 

With this test the delicacy of stereopsis can be determined with 
sufficient accuracy for all practical purposes by instructing the subject 
to place the ball in the plane of the square at the back and then on a level 
with the horizontal lines. The ophthalmologist, if he has normal 
stereopsis, can then determine the accuracy of the observations of the 
subject by looking through the stereoscope. 

In connection with the observations made regarding the apparent 
motions of the ball and the box, it should be observed that analogous 
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phenomena occur in monocular vision. If the left eye is covered and 
the ball on the right is moved, it appears to go sideways, and at times the 
box seems to move in an opposite direction. If the box is moved, 
as a rule, both the ball and the box appear to move sideways, but some- 
times the ball alone appears to move. Such phenomena are, of course, 
analogous to the false perception of motion that occurs on looking out 
of a car window at a moving train close by. 

In making the test with the figures of the box on the left moving, 
a careful observer will see that if the box appears to move it becomes 
smaller as it approaches and larger as it recedes, and the same is true 
of the ball if it appears to move. This effect is more conspicuous when 
the ball alone is moved. It is still more conspicuous if the ball is 
replaced by a larger object, such as a ring measuring 18 mm. in the out- 
side diameter and + mm. in thickness. This effect demonstrates an exact 
correlation in the brain between apparent size and apparent distance, 
dependent on disparateness alone, for in these experiments the size of 
the retinal images remains constant and the apparent changes in distance 
are due chiefly to variations in disparateness. To make use of other 
stereoscopic phenomena, various other figures may be substituted for 
the balls. For example, a short curved rod placed vertically may be 
substituted for the perforated ball, and a straight rod, for the solid 
ball. Then the fact that a curved rod appears in the stereoscope to 
curve fore and aft and to move forward and backward signifies that 
there is stereopsis. If the ball on the left is colored red, stereopsis is 
demonstrated if the red ball is seen to move. 

Hitherto the only evidence that change in convergence is not essential 
to the stereoscopic perception of depth has been the observation that 
stereopsis is possible with momentary excitation of the retinas. Briicke 
and Hering modified the means of producing momentary exposures 
originally employed by Dove but devised no method essentially differ- 
ent. However modified, Dove’s method is unfortunate in that an 
estimate of depth must be based on an extremely quick observation 
and hence may give rise to variable and uncertain results. In fact, 
von Karpinska * has obtained results distinctly opposed to Dove’s find- 
ings, so there is no uncontroverted evidence on this important point. 
A slight modification of the present test for stereopsis affords new 
and more satisfactory evidence. The evidence is new because the 
principle utilized is different from Dove’s, and it is more satisfactory 
because the test excludes involuntary conjecture and permits prolonged 
observation. With previous methods the observer determines only 
whether an object appears to be in front of or behind another, and his 
decision may simply be a guess. With the suggested method, if he has 


3. von Karpinska, L.: Ztschr. f. Psychol. 37:1, 1910. 
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stereopsis, he actually observes that the ball or box moves forward 
and backward, and if he does not have it, that there is no movement 
or that the movement is sideways only. By making observations first 
with both eyes and then with one eye excluded, he can definitely ascertain 
what is seen with and what without stereopsis. 

The modification consists simply in placing a hole in each ball, so 
that a hole is seen above and another below the center of the unified ball. 
If, then, the box is not moved too rapidly, relatively perfect binocular 
fixation of the balls may be maintained, as shown by the fact that the 
two holes occupy constant positions. Under these conditions it is 
obvious that the apparent forward and backward movements of the 
unified ball are due not to change in convergence but to changing 
disparateness of the retinal images of the two boxes. Moreover, since 
the effect of depth is about the same whether or not convergence is 
allowed, it follows that change in convergence does not play an important 
role even in estimating the amount of depth determined by stereopsis. 
With inexperienced observers when the box is moved slowly and in my 
own case when it is moved suddenly and rapidly, a slight change in 
convergence occurs in spite of all possible effort to maintain fixation 
of the unified ball. In my case, when the ball seems to approach, con- 
vergence follows, thus proving that the effect of nearness generated by 
disparate images is alone sufficient to cause convergence. When the 
ball appears to recede, relative divergence is not so easily observed but 
does occur. With inexperienced observers it is the apparent movement 
of the box in depth that affects their convergence in this test, so 
that the change in the relative position of the holes is opposite to that 
which I observe. 

Another phenomenon that can be studied by means of the two holes 
just described is delay in binocular fixation. This can readily be observed 
hy noting the relative positions of the holes when one of the balls is 
moved and the unified ball is thus made to approach or recede. I find 
that within a range of convergence of about 4 prism diopters the delay 
is about the same in each case—that is, the same for convergence as 
for relative divergence—and that for a constant speed of the moving 
object it is remarkably constant. I find also that even within the short 
range employed, when the ball is quickly moved from one set position 
to another, exact binocular fixation is achieved less rapidly by relative 
divergence (abduction) than by convergence (adduction). 

The following interesting and important observations can be made 
hy viewing the picture of the box in the amblyoscope: When the tubes 
are'converged the box appears to approach the examiner and to become 
smaller and, at the same time, relatively shorter. When the tubes are 
diverged, the box appears to recede and become larger and, at the 
same time, relatively longer. These observations again demonstrate 
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the relation of apparent size and apparent distance, and, in addition, 
they show that the effect of-a given disparateness is a function of the 
apparent distance of the point of binocular fixation. It should not at 
once be assumed, however, that the latter distance is determined by 
the amount of convergence, since the possibilities that it is determined 
by changing disparateness or by delay in binocular fixation are not 
excluded. Another interesting observation is that, after the converging 
motion of the tubes has ceased, the box may appear to be as far away 
as or even farther than at the outset and yet may appear smaller. This 
is in agreement with the fact that converging prisms usually cause an 
object to appear smaller and more remote. Thirty-three years ago | 
discussed this phenomenon at length and suggested an explanation 
for it.* 

To increase the monocular impression of depth further, I have 
employed in an ordinary stereoscope, instead of pictures alone, an 
actual boxlike figure before each eye. At a distance of 3.5 cm. behind 


each window in the cardboard a movable film is placed with a smaller 


Lateral edges of the box are represented by 
threads kept taut by rubber cords when the films are moved. Immediately 
behind each rear window is another movable film with a ball depicted 
on it, the ball before one eye being perforated. In the stereoscope the 


window depicted on it. 


monocular effect of depth is enhanced by the difference in focal depth 
between the front and the rear windows, and this becomes still more 
evident if the head is moved from side to side and monocular paral- 
lactic movement is elicited. As with the other methods described, the 
whole box can apparently be made to move forward and backward with 
reference to the ball, but this contrivance has the additional advantage 
that each small window alone can be made to move. 

When the films are adjusted so that the ball appears at the rear 
window and then one of the rear windows is moved sideways, the 
unified rear window appears to move forward and backward, and its 
apparent size seems to decrease as it comes forward and to increase 
as it recedes. This change in size is apparently about the same whether 
fixation is maintained on the window or on the ball. Since in one 
instance there is change in convergence and in the other, none, it would 
seem that the change in apparent size in each instance is due to altera- 
tion in apparent distance, dependent solely on variation in disparateness. 

If the disparateness of the rear windows is suitably adjusted the 
box can be made to appear shorter than the actual length of each box. 
In fact, the box can be reversed in depth, so that 


what was the rear 
window is seen in front of the other window. It 


is noteworthy that 


4. Verhoeff, F. H.: Ann. Ophth. 11:201 (April) 1902; reproduced in Am. J. 
Physiol. Optics 6:416 (Sept.) 1925. 
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in the latter case moving the head and thus producing parallactic move- 
ment do not dissipate the stereoscopic effect. Moreover, if a horizontal 
bar is placed across one of the large windows and a corresponding bar 
across the other, the smaller window can still be made*to appear in 
front of the larger one. At times the bar appears to be straight across 
the large window, and at other times, to be bent forward so that its 
central portion is in the plane of the small window. Here, then, condi- 
tions obtain under which all the most important factors in monocular 
perspective, namely, convergence of lines, accommodation, occlusion, 
monocular parallax and difference in size, are diametrically opposed to 
the information afforded by disparate images, yet the latter information 
fully prevails. 

The contrivance just described, although more effective than that in 
which pictures without actual depth are used, is more difficult to con- 
struct and to keep adjusted, and it therefore may be found less suitable 
for general use. 

3y means of the device first described I have made the following 
additional observations: When the solid ball on the right is removed, 
the position of the perforated ball may be imagined to be at almost any 
distance. Then, if the box on the left is moved sideways, the unified 
box appears to move forward and backward with reference to the ball. 
With both balls removed and one box moving sideways, the unified box 
appears to move chiefly sideways—a forward and backward movement, 
if observed at all, is much less than the lateral movement. With both 
balls in place and but one box removed, movement of either ball causes 
the unified ball to appear to move forward and backward within the 
remaining box. When, however, the balls are stationary and the remain- 
ing box is moved sideways, the latter appears to move sideways only. 
With the ball on the right and the box on the left removed, the remain- 
ing box, when moved sideways, appears to move sideways only. The ball 
can then be assumed to be at almost any distance, and when moved 
sideways, it appears to move sideways only. 

A complete discussion of the significance of these and of other 
observations mentioned would involve consideration of stereoscopic vision 


in all its aspects and, therefore, would be out of place in the present 
communication. 
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It is well established that interruption of the sympathetic fibers to 
the upper or lower extremities in man brings about an increase in the 
circulation of blood to the respective parts. It has been assumed that 
the same result will be obtained if the sympathetic supply to the choroidal 
vessels is interrupted. This theory has been applied in cases of retinitis 
pigmentosa. However, removal of the superior cervical sympathetic 
ganglions has not given the anticipated results. A more recent appli- 
cation of surgery to the sympathetic nervous system is resection of the 
splanchnic nerves and the lower dorsal sympathetic chain for hyper- 
tension. From an ophthalmologic as well as from a general medical 
point of view the results in some cases have been surprising. 

Various methods have been tried in different clinics to reduce high 
blood pressure permanently. These have included operations directed 
to the adrenal gland as the chief source of vasopressure stimulation 
and have consisted either in division of the nerves close to the adrenal 
gland or in resection of a portion of each gland or extirpation of one 
gland. Permanent results have been disappointing after these procedures. 
Other operations have been directed against the sympathetic nervous 
system, Adson' having sectioned the anterior roots from the sixth 
dorsal to the second lumbar and Craig * having sectioned the splanchnic 


Read before the Academy of Ophthalmology and Otolaryngology, Cincinnati, 
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nerves below the diaphragm, together with the rami from the first and 
second lumbar ganglions. In the neurosurgical clinic at the University 
Hospital a somewhat different approach has been used, and we feel that 
the results, on the whole, indicate that this is the best procedure. The 
operation consists in resection of the greater and lesser splanchnic 
nerves and of the lower dorsal sympathetic chain, including the tenth, 
eleventh and twelfth ganglions, through a supradiaphragmatic approach, 
after resection of a portion of the eleventh rib. The operation has 
always been performed bilaterally. Three objects may be obtained by 
this procedure. First, and probably most important, is the relief of 
renal vasoconstriction. Richards? has shown that stimulating the 
splanchnic nerves increases the aortic blood pressure, with subsequent 
impairment of the renal function. Goldblatt * has maintained hyper- 
tension in dogs by producing constant renal vasoconstriction by means 
of clamps on the renal arteries. The results of our operations indicate 
that in a rather high percentage of patients renal vasoconstriction must 
have been an important factor in the disease, possibly the principal 
etiologic factor, since relief of this vasoconstriction by section of the 
splanchnic nerves has been followed not only by a permanent and often 
marked drop in blood pressure but by marked improvement in the renal 
function. 

The second object hoped for is the inhibition of excessive secre- 
tion of epinephrine by preventing stimulation of the adrenal glands 
from higher centers. Section of the splanchnic nerves should eliminate 
excessive secretion of epinephrine resulting from excitement, fear, anger 
and physical exertion. While we do not believe that hypersecretion of 
the adrenals is the cause of hypertension, it is probably an important 
factor in the sudden increases in pressure noted under various stimuli. 

The third object is the production of a great vascular bed incapable 
of vasoconstriction. Section of the splanchnic nerves should prevent 
vasomotor spasm in the stomach, small intestine, liver, spleen and kid- 
neys, no matter what outside stimuli are acting. This large vascular 
bed will therefore act as a safety valve, and when peripheral vasocon- 
striction occurs, which under normal circumstances greatly increases the 
general vascular pressure, the vessels of the abdomen will dilate still 
further, and the general blood pressure will be kept at a lower level. 

Section of the splanchnic nerves and of the lower dorsal sympa- 
thetic chain apparently has no effect on the general sympathetic system, 


3. Richards, A. N.: Methods and Results ot Direct Investigations of the 
Function of the Kidney, Baltimore, Williams & Wilkins Company, 1929, sect. 8, 
o: Et. 

4. Goldblatt, H.; Lynch, J.; Hanzal, R. F., and Summerville, W. W.: Studies 
on Experimental Hypertension: Production of Persistent Elevation of the Systolic 
Blood Pressure by Means of Renal Ischemia, J. Exzer. Med. 59:347 (March) 1934. 
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either directly or reflexly. This accounts for the failure to relieve angio- 
spasm of the fundus in many of the patients, but the fact that the 
angiospasm does disappear in some cases is difficult to explain. We 
have no explanation for the improvement, at times very striking, noted 
in the fundus after this operation for hypertension, unless it is assumed 
that the actual cause of the vascular spasm has been inhibited or 
removed. Some chemical substances may be produced in the kidney as 
a result of the continued renal spasm which has an irritative action on 
the autonomic nervous system. Diminution or absence of this chemical 
substance after section of the splanchnic nerves then accounts for the 
marked improvement noted in the fundus. However, such an assump- 
tion is entirely theoretical. The same may be said for the relief of 
edema and the absorption of exudates which occur even more rapidly 
in some instances than would be suspected from the amount of improve- 
ment in the blood pressure. 


The presence of marked changes in the fundus, including papill- 
edema, extensive retinal hemorrhages, cotton-wool patches and lipoid 
deposits, has not been found to be a contraindication to operation. In 
fact, some of the most brilliant results have been obtained in patients 
showing these ocular findings. At present the only contraindications 
are advanced age (50 years or more), serious cardiac damage and a 
high nonprotein nitrogen content of the blood. On purely theoretical 
grounds, we have not felt that patients over 50 offered as good a prog- 
nosis as those who were somewhat younger. However, excellent results 
were obtained in one patient aged 53. 

Bilateral resection of the greater and lesser splanchnic nerves and of 
the lower dorsal sympathetic chain has now been performed on over 
ninety patients. All these patients had a systolic pressure of 200 mm. of 
mercury or more. In many of these cases sufficient time has not 
elapsed to enable us to draw definite conclusions. However, in forty- 
two cases a sufficient length of time, varying from five to twenty-two 
months, has passed since operation to permit us to make a reasonable 
estimation of the postoperative results. The operative mortality in 
these forty-two cases was 4.8 per cent. No improvement was obtained 
in 12 per cent, slight improvement in 26 per cent, moderate improve- 
ment in 24 per cent, marked improvement in 19 per cent and apparent 
cure in 14.4 per cent. Among those who were apparently cured were 
patients showing marked changes in the fundus. The blood pressure in 
these cases has remained normal for many months, and there has been 
# complete restoration of the renal function. Seventy-five per cent of 
the patients had symptoms indicative of cerebral involvement, and 90 
per cent of these patients obtained relief from such symptoms. 
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The operative results are most inconsistent, in that some of those 
patients who because of the presence of advanced retinitis, arterial 
sclerosis, impaired renal function and other disorders would be expected 
to be poor candidates for resection of the splanchnic nerves have 
responded most satisfactorily. When this operation was first employed 
it was expected that the appearance of the fundus would offer the best 
criterion as to the patient’s operability. This idea was soon abandoned, 
since the prognosis as based on the appearance of the fundus was as 
often wrong as right. In fact, three of the patients who showed the 
most severe hypertensive neuroretinitis together with severe organic 
vascular changes made the best response to the operation, both visually 
and generally. 

The patients who showed no appreciable fall in blood pressure as a 
result of resection of the splanchnic nerves showed no improvement 
visually or objectively as far as the appearance of the fundus was con- 
cerned except in one instance. We are not able to account for the 
marked improvement which occurred in that case but submit the record. 


Cast 1—A woman aged 44 showed a preoperative blood pressure of 240 
systolic and 160 diastolic. Vision was 6/12 in each eye. The renal function was 
fairly normal (urinary concentration ability, 1.033; urea clearance, 71 per cent). 
The fundus presented a picture of severe hypertensive neuroretinitis, consisting of 
edema of the disk of 2 diopters, markedly contracted and sclerotic arteries, diffuse 
marked retinal edema, a macular star and a moderate number of retinal hemor- 
thages. Nine months after bilateral resection of the splanchnic nerves there was 
no change in the blood pressure or renal function, but the edema and hemorrhages 
in the fundi had disappeared, the macular star was partly absorbed and the vision 
had improved to 6/6 plus in each eye. 


In only three of the eighteen patients who showed an appreciable 
drop in blood pressure was improvement noted ophthalmoscopically. 
No change in the character of the contracted retinal arteries was noted. 
In one patient there was no change in the vision, but the edema of the 
disk and retina was markedly less, and the lipoid deposits were nearly 
all absorbed fifteen months postoperatively. The other two patients 
presented marked improvement in vision, but in only one was there 
any appreciable change in the fundus. This one case will be described 
in detail, as the patient may be considered as showing the greatest 
improvement of all the patients in this group: 


Cast 2—A man 33 years of age had a blood pressure of 260 systolic and 175 
diastolic and marked impairment of the renal function (urinary concentration 
ability, 1.019; urea clearance, 24 per cent). Vision was 1/60 in the right eye and 
3 60 in the left. The fundus showed severe hypertensive neuroretinitis, consist- 
ing of moderate edema of the disk and early secondary atrophy of the optic 
nerve, marked sclerosis, with general and local contraction of the arteries and 
“rteriovenous nicking, marked edema and scattered retinal lipoid deposits. Bilateral 
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resection of the splanchnic nerves was performed, and seventeen months later 
the blood pressure had not risen above 180 systolic and 140 diastolic. The function 
of the kidneys had returned to normal (urinary concentration ability, 1.029; urea 
clearance, 93 per cent). Vision had improved to 5/60 in the right eye and 5/9 
in the left, so that the patient could resume his occupation as a truck driver. The 
edema of the disk and retina had entirely disappeared, leaving only atrophy of the 
retina. The retinal vessels were, if anything, more sclerotic than previously. 


Comment.—This was a truly remarkable improvement, and the 
patient would have been placed in the group of patients with so-called 
cure were it not for the blood pressure, which was too high to be con- 
sidered normal. 

It is interesting to note that the preoperative examination of the 
fundus in the five cases of so-called cure showed malignant hypertensive 
neuroretinitis, with choking of the disk in two cases, moderately severe 
hypertensive neuroretinitis in two and slight general and local angio- 
spasm in the fifth. Postoperatively it was not possible to follow the 
changes in the fundus in two of the latter cases so as to include them 
in this report. In the two cases in which there was a malignant con- 
dition and in one case in which there were severe symptoms the exudates, 
hemorrhages and edema disappeared, and the vision, when reduced, was 
markedly improved. The angiospasm was apparently not relieved 
entirely, since considerable and variable sclerosis was present. In fact, 


the sclerosis seemed to be more severe several months later than pre- 
operatively. A brief résumé of these three cases will more adequately 
illustrate the changes in the fundus resulting from resection of the 
splanchnic nerves. 


Case 3.—A man aged 29 had a preoperative blood pressure of 260 systolic 
and 180 diastolic. The renal function was impaired (concentration ability, 1.014; 
urea clearance, 105 per cent). Vision was 6/60 in each eye. Examination of the 
fundi showed that the disks presented 2 diopters of swelling; the arteries showed 
generalized contraction, with local angiospastic areas, slight sclerosis and some 
arteriovenous nicking; the retinas presented marked diffuse edema, many hemor- 
rhages of various types, scattered lipoid deposits and a macular star. Bilateral 
resection of the splanchnic nerves was performed, and twenty-seven months later 
the blood pressure had not risen above 134 systolic and 78 diastolic. The renal 
function had returned to normal (concentration ability, 1.030; urea clearance, 117 
per cent). The vision had improved to 6/6 with a —3 sphere in the right eye 
and 6/12 with a +2 sphere in the left eye. The fundi showed only moderate 
arteriosclerosis, with generalized contraction and moderate arteriovenous nicking. 
The retinas showed no edema but gave evidence of the previous retinitis by the 
presence of glial scarring and a few small lipoid deposits. 


Case 4.—A man aged 52 had a preoperative blood pressure of 260 systolic 
and 180 diastolic. The renal function was impaired moderately (concentration 
ability, 1.023; urea clearance, 70 per cent). Vision in the right eye was 6/30. 
The left eye had been enucleated because of secondary glaucoma after occlusion 
of the central veins of the retina. Examination of the fundus of the right eye 
showed 2 diopters of swelling of the disk. The arteries in general were contracted, 
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with local areas of angiospasm and moderate sclerosis. The retina was moderately 
and diffusely edematous, with a marked number of hemorrhages and a few lipoid 
deposits. Bilateral resection of the splanchnic nerves was performed. When the 
patient was last seen, seven months postoperatively, the blood pressure was 166 
systolic and 108 diastolic. The function of the kidneys was improved but still 
subnormal (concentration ability, 1.027; urea clearance, 75 per cent). The vision 
had improved to 6/6 in the right eye. The disk showed no edema or atrophy. 
The arteries were moderately sclerotic, with generalized contraction and arterio- 
yenous nicking. The retina was normal except for the presence of a few small 
lipoid deposits. 

Case 5.—A woman aged 22 had a preoperative blood pressure of 220 systolic 
and 190 diastolic. The renal function was normal (concentration ability, 1.033; 
urea clearance, 87 per cent). Vision was 6/6 in each eye. Examination of the 
fundi showed that the disks were slightly edematous. There was one hemorrhagic 
area. The arteries showed marked variation in caliber but were generally con- 
tracted and questionably slightly sclerotic. There was moderate retinal edema, 
with a few cotton-wool patches and hemorrhages. Bilateral resection of the 
splanchnic nerves was performed, and eleven months later the blood pressure had 
not again risen over 132 systolic and 95 diastolic. The renal function was still 
normal (concentration ability, 1.029; urea clearance, 85 per cent). The vision 
was still 6/6 in each eye. Examination of the fundi showed that the disks were 
normal. The arteries were normal in size and uniform in caliber but showed 
slight sclerosis. The retina was normal aside from a few glial streaks. 


COMMENT 

The presence of hypertensive retinitis is always of serious prog- 
nostic significance. It is therefore imperative to recognize arterial con- 
striction or angiospasm as the precursor of angiospastic retinitis and 
its more severe complications of organic vascular changes. 

One of the most difficult problems encountered in the study of the 
fundi in this series of cases was our frequent inability to differentiate 
between angiospasm and early sclerosis of the retinal arteries. The 
former condition would be expected to respond to a lowering of the 
blood pressure, while the latter would remain more or less unchanged. 
The tendency to rapid disappearance of the retinitis after lowering of 
the blood pressure through resection of the splanchnic nerves indicates 
that they are the visible signs of an angiospastic rather than of an 
arteriosclerotic lesion. In most of the cases there was a combination 
of both, the organic vascular changes being a byproduct of the angio- 
spasm. The more severe the visible sclerosis, the more difficult it was 
to demonstrate areas of localized angiospasm. If it is agreed that 
retinitis develops in areas in which there has been long-standing severe 
angiospasm, then the localized areas of retinitis, characterized by edema 
and hemorrhages, must be recognized as being associated with local 
spasms of the retinal arteries, even though masked by sclerosis. In the 
more severe forms of retinitis, characterized by general angiospasm, 
generalized edema of the disk and retina, retinal lipoid deposits, hemor- 
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rhages, cotton-wool patches and hyperemia, a diagnosis of malignant 
hypertension is usually made. This is accompanied by a prognosis of 
death in from eighteen to twenty-four months. In our series two of the 
cases of so-called cure and one of the cases in which improvement was 
obtained fall into this group, and the patients were the only ones with 
malignant hypertension observed by us who were benefited by any pre- 
vious form of therapy. 

That such apparent cure has occurred in this hitherto unbenefited 
condition is of the utmost significance. The operation is directed toward 
the relief of angiospasm and is one step forward toward the discovery 
ef the causes of the tendency to angiospasm itself. 


SUM MARY 


Over ninety patients with essential hypertension, having a systolic 
blood pressure of over 200 mm. of mercury, were subjected to bilateral 
resection of the splanchnic nerves. | 

A résumé of the history is given and the rationale of the operation 
is discussed, and a statement is given regarding the physiology of the 
splanchnic nerves. 

The three objectives toward which the operative intervention is 
directed are: first, the relief of renal vasoconstriction ; second, the inhibi- 
tion of excessive secretion of epinephrine by preventing stimulation of 
the adrenal glands from higher centers, and, third, the production of a 
great vascular bed incapable of vasoconstriction. 

No criterion as to operability has been established. A high non- 
protein nitrogen content of the blood is a definite contraindication, and 
persons over 50 do not ordinarily respond well. 

In thirty-six cases the results have been checked from five to twenty- 
two months postoperatively. Five patients were symptom-free and 
maintained a normal blood pressure. Two of these five patients showed 
resolution of the changes in the fundus due to malignant hypertension, 
with marked improvement in vision. One showed resolution of angio- 
spastic retinitis. In two of the cases in this group follow-up ophthalmo- 
scopic study could not be made. 

Eighteen patients showed an appreciable ,drop in blood pressure, 
with general symptomatic improvement, but in only three of these 
patients were there signs of improvement in the fundi. 

Thirteen patients in whom no lowering of their blood pressure was 
obtained showed no improvement either in the appearance of the fundus 
cr in the vision except in one striking and unexplained instance in 
which both were markedly improved. 








HISTOLOGY OF THE EXTRA-OCULAR MUSCLES 


S. R. IRVINE, M.D. 
BOSTON 


The purpose of this communication is to analyze the histology of 
the extra-ocular muscles with special reference to the possibility of 
ocular proprioceptive sense in man. Many isolated reports on the extra- 
ocular muscles have appeared in the literature, but they do not seem 
previously to have been brought together and correlated. 


THE EMBRYOLOGY 


First, the embryology of the extra-ocular muscles will be reviewed 
briefly... In the 7 mm. human embryo these muscles are seen as a 
single, undifferentiated, massed condensation of paraxial mesoderm sur- 
rounding the optic vesicle. At this stage the third nerve enters the 
anterior part of the muscle mass, dorsal to the optic stalk. At 9 mm., 
the mass is enlarged and begins to split into different muscles, with their 
respective nerves entering the dividing muscle mass. At 14 mm., all 
the muscles are formed and in about the same position with respect to 
the eyeball as they are in the adult, with the exception of the levator 
palpebrae, which is not seen until about the 60 mm. stage. The latter 
muscle then appears as a separation of some of the fibers of the medial 
border of the superior rectus. If this separation fails, congenital ptosis 
results. 

The initial development of the mesoderm of the head in the human 
embryo is so rapid that the site of the mesoderm forming the eye muscles 
is not known; it is inferred from comparative studies. In the dogfish 
this mesoderm comes from the walls of the last three head cavities on 
each side. From the first, or premandibular, cavity come those muscles 
supplied by the third nerve. From the second, or mandibular, comes 
the superior oblique muscle, supplied by the fourth nerve, while from 
the third comes the external rectus, supplied by the sixth nerve. The 
exact portion of the wall of the head cavity from which any of the 
various muscles is derived differs in various species. In man, head 
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Massachusetts Eye and Ear Infirmary. 
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cavities are not definitely known to occur. Also, distinct mesodermal 
segments do not occur in the head region. It is possible that the pre- 
muscle mass from which the eye muscles of man develop is comparable 
to the previously mentioned myotomic segments or head cavities in the 
dogfish. On the other hand, the remaining muscles of the head differ 
from all other skeletal muscle in that they arise from the splanchnic 
mesoderm of the branchial arches and are innervated by nerves (vis- 
ceral) of a different category from those (somatic) which supply the 
myotomic skeletal muscle of somatic mesoderm. Since head cavities 
are not found in the human embryo, it is possible that the extra-ocular 
muscles have similarly a splanchnic origin, which would explain certain 
similarities in structure and nerve endings between these muscles and 
the other head muscles. 

At the 14 mm. stage, when all of the muscles can be distinguished 
with the previously mentioned exception, the muscles are composed 
entirely of round, undifferentiated, myoblastic cells containing granular 
sarcoplasm, with no definite muscle bundles yet formed. At 18 mm., 
some of the cells have passed from the round myoblastic state to a 
spindle-shaped form in which the granules of the sarcoplasm are 
coalescing to form myofibrils. The cells increase in size and _thick- 
ness, either by splitting or by adding individual cells, until finally 
muscle fibers are formed. At first the fibers contain nuclei centrally 
located. At a slightly later stage, as fibrillae are added, some of the 
nuclei are seen at the periphery. At the 180 mm. stage all the nuclei 
are at the periphery, and the sarcolemma is distinct. The fibrillae within 
the fibers produce the longitudinal striations.. Subdivisions of these into 
alternating highly and poorly optically refractile parts cause the trans- 
verse markings. The fibers are now arranged into various morphologic 
groupings characteristic of adult muscle. Those groupings, found only 
in eye muscles, will be discussed later. Many of the first formed fibers 
degenerate during embryonic life. Sutton * suggested that these fibers 
degenerate because they fail to unite with nerve fibers. He had never 
found a degenerated fiber with a nerve ending. 


THE MICROSCOPIC ANATOMY 


The microscopic anatomy of adult eye muscles presents marked 
peculiarities as compared with that of skeletal muscle. As Duke-Elder ® 
and Eisler * pointed out, the individual fibers are the finest found in 


2. Sutton, A. C.: Development of Neuro-Muscular Spindle in Extrinsic Eye 
Muscles of Pig, Am. J. Anat. 18:117, 1915. 

3. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1933, vol. 1, p. 171. 

4. Eisler, and others in Schieck, F., and Briickner, A.: Kurzes Handbuch der 
Ophthalmologie, Berlin, Julius Springer, 1930, vol. 1, p. 208. 
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the striped skeletal musculature of the body, being only from 9 to 11 
microns in diameter. 

Cilimbaris > found great variety in the eye muscle fibers, such as 
was not seen in other striated mammalian musculature. He saw some 
clear. fibers, poor in sarcoplasm and containing few nuclei, and others, 
rich in sarcoplasm, which were dark and contained many nuclei. All 
intermediate steps were also found. 

Schiefferdecker ® called attention to the arrangement of the fibers 
in parallel fasciculi, to the richness of their nerve supply, and to the 
large amount of elastic fibers in the perimysium and intermuscular 
septums. He assumed that this excessive elastic tissue was important 
in the passive contraction of the eye muscles, keeping them sufficiently 
under tension to give more efficient tone preliminary to action, and in 
the moderation of antagonistic movements—both effects conducive to 
delicate regulation of eye movements. 

Thulin? described in the ocular muscles of man and monkeys three 
types of muscle fibers not previously noted: First were fibers which, 
on cross-section, showed bundles of varying sizes and shapes composed 
of fibrillae. This appearance indicated that some of the bundles were 
cut obliquely and that, therefore, they ran in an irregular manner within 
the fibers. The fibers of the second type were peculiar in their abun- 
dance of sarcoplasm. Cross-section of these fibers showed a regular 
arrangement of the bundles of fibrillae forming a continuous honeycomb- 
like structure. Occasionally only one or two bundles were present, 
surrounded by a large amount of sarcoplasm. He mentioned that these 
two types of fibers had nerve endings of special structure, but a descrip- 
tion of this special structure was not given. The third type of fiber 
described by him deserves special attention. This type was the most 
common and therefore easily found on cross or longitudinal section, 
especially at the end of origin, where the nerve enters the muscle. The 
central part of the fiber was made up of fibrillae running longitudinally 
and cross-striated like those of ordinary muscle. The periphery of 
the fiber had additional fibrillae running hypolemmally encircling the 
central part in bandlike fashion. When the peripheral zone was much 
developed, Thulin noted a resemblance to the muscle elements of the 


thymus. The nerve endings in this special type of banded fiber were 
extremely numerous. 
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Schwartz * studied the latter type of fiber in normal eye muscles in 
great detail. He found it in the eye muscles of man and the higher 
apes but in no other normal muscle. It had been previously described 
by Heidenhain ® in muscles involved in myotonia atrophica, by Slauck ! 
in muscles affected with this disease and with myxedema, and by Baca- 
loglu and Parhon™ in those showing primary myopathies. Because 
of these bands of concentrically arranged fibrillae surrounding the longi- 
tudinal fibrillae in such pathologic muscles, Schwartz suggested that 
these bands might help to strengthen the resistance of the degenerating 
muscle fiber to expansion during contraction. Any statement as to their 
purpose in the ocular muscles is likewise merely a supposition. This 
remarkable type of fiber Schwartz found particularly in the middle of 
each of the oblique muscles and in the end of origin of each rectus 
muscle on the medial side. These observations were corroborated by 
Wohlfart,’? who further demonstrated that these cross-striated annular 
bands occur normally in the eye muscles of men, apes, dogs and cats. 
Another peculiarity of eye muscles noted by Schwartz was the inter- 
lacing of fibrillae in certain parts of the muscle, an arrangement similar 
to that seen in heart muscle. 

Other workers have described the structure of eye muscles in vari- 
ous animals.’* Since the present article is concerned primarily with 
the eye muscles of man, a detailed discussion of their work is omitted, 


with the exception of an interesting observation by Hines. In her 
very complete work on the eye muscles of the rabbit, she noted different 
types of fibers in different parts of the muscles. This fact may explain 
some of the differences in the descriptions given by other workers. In 
the third of origin she found the fibers of greatest diameter, with small 
myofibrils, fine cross-striation and only a suggestion of longitudinal 
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Augenmuskeln, Ztschr. f. d. ges. Anat. (Abt. 1) 75:361, 1925. 
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tonia atrophica, Beitr. z. path. Anat. u. z. allg. Path. 64:198, 1917-1918. 

10. Slauck: Beitrage zur Kenntnis der Muskelveranderungen bei Myxddem 
und Myotonia atrophica, Ztschr. f. d. ges. Neurol. u. Psychiat. 67:276, 1921. 

11. Bacaloglu, C., and Parhon, C. J.: Tumeur ganglio-neuromatose et neuro- 
blastomateuse de la région tuberienne, obésite, diabéte sucré, Bull. Sec. scient. Acad. 
roumaine 10:5, 1926. 

12. Wohlfart: Quergestreifte Ringbinden in normalen Augenmuskeln, Ztschr. 
f. mikr.-anat. Forsch. 29:592, 1932. 

13. (@) Hines, M.: Studies on Innervation of Skeletal Muscle: Innervation 
of Extrinsic Eye Muscles of Rabbit, Am. J. Anat. 47:1, 1931. (b) Woollard, 
H. H.: Innervation of Ocular Muscles, J. Anat. 65:215 (Jan.) 1931. (c) 
Garven, H. S. D.: The Nerve-Endings in the Panniculus Carnosus of the Hedge- 
hog, with Special Reference to the Sympathetic Innervation of Striated Muscle, 
Brain 48:380, 1925. (d) Wilkinson, H. J.: Innervation of Striated Muscles, 
M. J. Australia 2:768 (Nov. 30) 1929. 
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striation. In the insertional two-thirds there was more variation in 
diameter, with the majority of the fibers made up of large myofibrils 
with coarse striations both cross and lengthwise. She stated that the 
smaller fibers characteristic of the insertional third were not continua- 
tions of the larger fibers. This finding of different types of fibers is 
in harmony with the variation in innervation in different parts of an 
eye muscle. In addition to these types of fibers with fine and coarse 
cross-striations, she described a rare muscle fiber of minute diameter, 
staining deeply with methylene blue on intravital staining, and resem- 
bling the intrafusal fibers of certain thin muscles of the frog and alliga- 
tor. She interpreted this as being possibly a primitive muscle spindle. 

In summary, the anatomic observations which are peculiar to eye 
muscles in man and many other mammals are: the presence of a large 
amount of elastic tissue; the fineness of the fibers composing the mus- 
cles; the presence of fibers peculiarly rich in sarcoplasm and of fibers 
with an arrangement of fibrillae not seen in other normal muscle fibers ; 
the richness of the nerve supply, and the peculiarity of the nerve end- 
ings. It is noteworthy that these characteristics are typical also of the 
skeletal muscles of reptiles and amphibians. 


THE INNERVATION 


The true significance of the abundance of nerves and their endings 
in the ocular muscles is not known, but the assumption is generally 
made that it is related to a delicately refined neuromuscular mechanism 
playing a part in the perception of space.’* Necessarily most work has 
been done on animals, and interpretations with regard to the innervation 
in man have been made largely by analogy. Any part played by the 
extra-ocular muscles in spatial orientation may be quite different in man 
and in animals. Actual studies on the innervation of the extra-ocular 
muscles are few. Most of the observations noted in the literature were 
made incidentally in connection with some other problem. The work 
of Hines on the rabbit is perhaps the most complete from the point 
of view of innervation and will be discussed in some detail. 

All three types of nerve fibers, motor, sympathetic and sensory, are 
assumed to be present in eye muscles. The proof of the presence of 
motor nerves is conclusive histologically and physiologically. Only vaso- 
motor sympathetic fibers have been proved to be present. Boeke ** and 
Garven 8° reported sympathetic endings on or near sole plates, but 
these also may have been only vasomotor. Conclusive proof of the 


14. Sherrington, C.: Observations on Sensual Role of Proprioceptive Nerve- 
Supply of Extrinsic Ocular Muscles, Brain 41:332, 1918. Duke-Elder,? p. 1051. 

15. Boeke: Die doppelte (motorische und sympathische) efferente Innervation 
der quergestreiften Muskelfasern, Anat. Anz. 44:343, 1913. 
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presence of sensory nerves is difficult, for differentiation of a single 
nerve carrying both motor and sensory fibers into its motor and sensory 
components has been impossible up to the present time. Consequently 
many of the nerves present must be described from a histologic point 
of view only, without being classified as to their function. 

The abundance of nerve fibers with their extensive arborizations 
running along and around the muscle fibers is similar to that described 
in the striated musculature of cold-blooded vertebrates '® and in the 
tongue, diaphragm and pharyngeal muscles of mammals.'* 

Thulin remarked on the rich nerve supply to the eye muscles and 
particularly to certain fibers peculiar to eye muscles. Tergast ?* and 
Bors '® made quantitative studies, counting the total number of nerves 
and muscle fibers in cross-sections of muscles. Tergast found 1 nerve 
fiber to 3 muscle fibers in the extrinsic eye muscles of sheep; 1 to 2 or 3 
in human eye muscles, whereas there were 1 to 80 or 125 in the biceps 
femoris of the dog. Bors obtained ratios of 1 to 6 in the extrinsic 
eye muscles of man and 1 to 50 in semitendinous muscles. This richness 
of innervation is interesting in the light of the work of Rollet,?° who 
has shown that the segment of contracting muscle per unit stimulus is 
longer in warm-blooded than in cold-blooded animals, and therefore more 
nerves are needed in cold-blooded animals to insure simultaneous con- 
traction of a muscle of the same length. His idea is that the richness 
of innervation is compensation for the shorter wavelength of contraction 
per unit stimulus. From this idea Heidenhain ® inferred that the richer 
the innervation of a muscle, the less perfect its organization. This 
concept may be helpful in interpreting certain physiologic peculiarities 
of eye muscles. 

Typical coarsely medullated nerve fibers with ordinary motor end- 
plates are seen in the eye muscle. These fibers are the only type found 
in the third of origin of the muscle, and they innervate large finely 
striated muscle fibers. Hines found these motor fibers, unaccompanied 
by any accessory fibers, ending in ordinary hypolemmal motor end- 
plates. These “terminaisons en plaque” are long varicose endings within 
the sarcoplasm, which at the point of contact with the ending is thick- 
ened into a sole plate. There are no accessory ultraterminal endings 
from these end-plates. 


16. Kulchitsky, N.: Nerve Endings in Muscles, J. Anat. 58:152, 1923-1924. 
Wilkinson.134 

17. Hines.138 =Wilkinson.134 

18. Tergast: Ueber das Verhaltnis von Nerve und Muskel, Arch. f. mikr. 
Anat. 9:36, 1873. 

19. Bors: Ueber das Zahlenverhaltnis zwischen Nerven und Muskelfasern, 
Anat. Anz. 60:415, 1925-1926. 


20. Rollet, cited by Ramon y Cajal, S.: Histology, Baltimore, William Wood & 
Company, 1933, p. 275. 
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In the middle third of the muscle, similar coarsely medullated fibers 
give rise to smaller end-plates which supply the smaller coarsely striated 
muscle fibers found here. Each of these nerve fibers is frequently 
accompanied by a medullated or nonmedullated fiber, a branch of the 
main motor nerve, and therefore motor in function, with a free or 
bulbous termination. Such endings were first described by Tschiriew *' 
and called “‘terminaisons en grappe,” as the relationship of the endings 
to the nerve fibers was like that of a green grape to its stem. The 
endings here are hypolemmal. In this region the ordinary motor end- 
plate may have fine filamentous nerves, called “ultraterminal endings,” 
which leave it to supply another muscle fiber. According to Boeke and 
Cajal, the accompanying nerve sometimes ends on the sole plate with 
the regular motor nerve. This fine accessory fiber which they describe 
could not be found by Wilkinson. In the middle third of the muscle, 
additional smaller medullated or nonmedullated nerves may cross muscle 
fibers at right angles and end in simple grapelike endings, naked endings, 
loops or whorls. They may be hypolemmal or epilemmal. Hines was 
unable to trace them to their origin, and their function cannot be sur- 
mised. 

At the insertional end of the muscle, typical terminaisons en grappe 
were found epilemmal, in contrast to the endings just described which 
were hypolemmal. Discovery of these endings in eye muscles first drew 
attention to the peculiarity of the innervation of the eye muscles in 
mammals. They are also called the “atypical motor endings of Ret- 
zius” ** and the “sensory endings of Huber,” ** the authors who first 
described them in eye muscles. They have subsequently been described 
in the eye muscles of mammals by Crevatin,?* Dogiel,?> Woollard, Wil- 
kinson and Hines. In rabbits Hines found them always epilemmal and 
never sharing an axis-cylinder with a motor nerve, both facts suggesting 
their sensory nature. Wilkinson, describing these terminaisons en grappe 


21. Tschiriew: Sur les terminaisons nerveuses dans les muscles striés, Arch. de 
physiol. norm. et path. 6:89, 1879. 

22. Retzius: Zur Kenntnis der motorischen Nervenendigungen, Biol. Unter- 
such., n. f. 3:41, 1892. 

23. Huber, G. C.: Observations on the Degeneration and Regeneration of 
Motor and Sensory Nerve Endings in Voluntary Muscle, Am. J. Physiol. 3:339, 
1900; Sensory Nerve Terminations in the Tendons of the Extrinsic Eye-Muscles 
of the Cat, J. Comp. Neurol. 10:152, 1900. 

24. Crevatin, F.: Particolari forme di terminazioni nervose nei muscoli che 
muovono l’occhio, Rendic. r. Accad. d. sc. d. Ist. di Bologna, 5:37, 1900; Su di 
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6:57, 1902. , 

25. Dogiel, A. S.: Die Endigungen der sensiblen Nerven in den Augenmuskeln 


und deren Sehnen beim Menschen und den Saugetieren, Arch. f. mikr. Anat. 68: 
501, 1906. 
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in mammals, stated that he found them epilemmal and occurring only 
among muscle fibers seen to have ordinary terminaisons en plaque and 
that he therefore considered them to be endings of afferent or sensory 
fibers. Woollard found them epilemmal and hypolemmal, but those 
found hypolemmal may be such forms as Hines found in the middle 
third of the muscles coming from motor nerves. These grapelike end- 
ings are common in the muscles of amphibia and reptiles,?® but in mam- 
mals they are peculiar to the extrinsic eye muscles and tongue 
muscles.'*¢ Since in other respects the innervation of the ocular mus- 
cles resembles that of other aberrant muscles with slight bony attach- 
ments, Hinsey ** suggested that a careful search of these aberrant muscles 
also may reveal epilemmal grapelike endings. The term “aberrant”’ is 
used in this paper to distinguish from skeletal muscles the muscles with 
slight or no bony attachments, such as those of the tongue, pharynx, 
diaphragm and face. 

Wilkinson mentioned somewhat similar grapelike or bead-shaped 
terminations around the pleura of mammals, in embryos, and other 
actively growing forms, and he suggested that they may be growing 
ends, motor or sensory. He considered them immature forms with the 
reservation that they may never develop to mature forms. It seems, 
then, that the grapelike termination is not a functional type of ending 
but a morphologic one, a fact that may account for the variety of opin- 


ions as to its motor or sensory function. To determine experimentally 
whether or not this type of ending is sensory is a difficult task, as the 


fiber from which it arises has been proved to run in the oculomotor 
nerve. 


Hines cut the oculomotor nerve close to the brain stem and found all 
the nerves to the muscle fibers degenerated, indicating that these nerves 
have their cells of origin in the brain stem. There remained undegen- 
erated nerve fibers around the blood vessels only, and these degenerated 
after the sympathetic supply to these muscles had been cut. Thus Hines 
proved that all the nerves to the eye muscles of the rabbit are derived 
either from the midbrain, whence they course along the oculomotor 
nerves, or from the sympathetic nerves. This indicates that the fifth 
nerve does not innervate the eye muscles through nerves outside the 
brain. Further evidence of this is the work of McLean,?* demonstrating 
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no anatomic connection between the oculomotor and fifth nerves outside 
the brain stem. Findings inconsistent with this were reported by Tark- 
han,?’ who noted a marked increase in the fiber content of the fourth 
nerve after it crossed the mesencephalic root, suggesting addition of 
proprioceptive nerves from this root. The observations of Kure,** show- 
ing degenerative changes in the extra-ocular muscles after extirpation 
of the ciliary ganglion, are also difficult to interpret consistently. The 
weight of evidence at present is that all nerve fibers to the extra-ocular 
muscles travel to the brain stem in the oculomotor and the sympathetic 
nerves. 

Typical neuromuscular spindles as found in skeletal muscles are 
complicated sensory organs consisting of several muscle fibers attached 
at one end to the tendon and at the other end to the connective tissue 
of the muscle. They are surrounded by a thick connective tissue 
capsule. They are richly innervated with sensory nerves ending 
in spiral bands around the intrafusal fibers and in flower-spray-like 
structures distributed along the fibers. In addition, small myelinated 
motor fibers with platelike endings are found at the ends of the intra- 
fusal fibers. If neuromuscular spindles are present in the extra-ocular 
muscles, they are fewer and more primitive in type than those in skele- 
tal muscles.** Sherrington failed to find them in eye muscles. Cilim- 
baris found them in the eye muscles of the horse, pig, dog, cat, fox, 
rabbit, hare and rat but not in the roe, stag, goat, wild boar, cow and 
sheep. They are not mentioned by Hines, Garven, Woollard or Wil- 
kinson. Sutton describes them in the fetal pig but as being of a primi- 
tive type. They were found with difficulty by Schiefferdecker and 
Crevatin in the eye muscles of man, but these authors did not describe 
them in detail. A rare slender spindle-shaped muscle fiber taking methy- 
lene blue deeply, as do the intrafusal fibers of muscle spindles, was 
mentioned by Hines, but its innervation was much simpler than that 
of a muscle spindle. This rare type of fiber is also seen in other muscles 


in which muscle spindles are lacking and may be a primitive type of 
intrafusal fiber. 
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Whereas neuromuscular spindles are reported to be missing or few 
in the extrinsic eye muscles, the neurotendinous organs of Golgi are 
more consistently reported. These, in other muscles, are situated in the 
transition zone between muscle and tendon, one end being inserted into 
the tendon near its muscular attachment and the other into the tendon 
proper. Each tendon spindle is made up of a number of tendon fasciculi 
varying in shape from fusiform to cylindric and surrounded by a cap- 
sule of fibrous connective tissue. One or more myelinated nerve fibers 
approach the spindle from the fleshy portion of the muscle and some- 
times branch before entering. Within the spindle there is considerable 
branching, and unmyelinated branches form a network surrounding the 
tendons and ending as free or granular or brushlike enlargements. 
Golgi ** found these organs in all the muscles which he studied except 
eye muscles. Marchi ** later demonstrated their presence in the eye 
muscles of cattle, swine, dogs, cats, rabbits and man. Sherrington 
found them in the eye muscles of the cat and monkey. Ciaccio ** found 
them in man and drew attention to the fact that in the superior rectus 
in man these spindles are different from those found in other animals 
in having both extremities tendinous. He also found free nerve end- 
ings on the tendons outside the spindles, whereas in other mammals 
they are always inside the spindles. Huber ** gave a complete descrip- 
tion of these organs in the eye muscles of the cat. He found them 
in all the recti and oblique muscles. It is interesting that Hines did 
not mention tendon organs in her work describing the innervation of 
the ocular muscles of the rabbit. 

That the tendon organs and muscle spindles have sensory function 
has been proved for other muscles by Sherrington,*!” who found that 
extirpation of the ventral motor spinal nerve had no effect on them, 
but extirpation of the dorsal spinal ganglion together with section of 
the motor root caused degeneration of all the nerves to the muscle and 
tendon spindles. He also noted a common innervation of these two 
end-organs by the same nerve in some instances. He further showed 
that the tendon organs in the eye muscles are definitely not supplied 
through branches of the ophthalmic division of the fifth nerve but are 
supplied through the branches of the oculomotor nerves, indicating that 
these nerves are sensorimotor in function. 
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3ecause the eye muscles are richly supplied with nerves which mor- 
phologically would be classified as sensory, it is assumed that the major- 
ity of these (being in muscle) subserve proprioceptive sense. However, 
compared with the proprioceptive nerves in the limb musculature, they 
are atypical and simple in type, more like those found in the lower 
animals. Their nuclei of origin, as far as is known, are intramedullary 
in contrast with the nuclei characteristic of the proprioceptive nerves in 
the spinal nerves of mammals, which are extramedullary. This intra- 
medullary position of primary sensory nerves is considered primitive 
in the spinal nerves inasmuch as it occurs only in lower forms—fishes 
and larval amphibians.** 

The problem of whether or not these nerves and end-organs are 
proprioceptive could be investigated by means of chromatolysis, which 
might identify these fibers as coming from nuclei of a definitely morpho- 
logic type other than known motor nuclei, or from a nucleus proved 
to be sensory, as the fifth. Attempts have been made to solve this 
problem in other ways, none of which is conclusive. Sheinin,** Free- 
man,°? Woollard and Wilkinson have presented work showing that there 
are fibers in the oculomotor nerves ending in the sensory nucleus of 
the fifth nerve. As has already been mentioned, Tarkhan *° showed 
that the fiber content of the fourth nerve increases greatly after the 
nerves crosses the mesencephalic root. Nicholson,** McLean ** and 
Clark °° have described nerve cells along the third and sixth nerves, 
but these do not seem sufficiently numerous or constant to be of sig- 
nificance. McLean has suggested that the smaller cells in the central 
nuclei of the eye muscle nerves may give rise to proprioceptive fibers. 
May and Horsley *° saw no degeneration in ocular nerves after section 
of the fifth nerve. Persons with tabes, a disease which supposedly has 
a special affinity for proprioceptive nerves have been reported to show 
nerve degeneration in the ocular muscles.*? 


36. Sheinin, J. J.: Typing of Cells of Mesencephalic Nucleus of Trigeminal 
Nerve in Dog, Based on Nissl-Granule Arrangement, J. Comp. Neurol. 50:109, 
1930. 

37. Freeman, W. Columnar Arrangement of Primary Afferent Centres in 
Brain-Stem of Man, J. Nerv. & Ment. Dis. 65:378, 1927. 

38. Nicholson: On the Presence of Ganglion Cells in the Third and Sixth 
Nerves of Man, J. Comp. Neurol. $7:31, 1924-1925. 

39. Clark, S. L.: Nissl Granules of Primary Afferent Neurones, J. '! Comp. 
Neurol. 41:423, 1926. 


40. May, O., and Horsley, V.: The Mesencephalic Root of the Fifth Nerve, 
Brain $8:175, 1910. 

41. (a) Oppenheim and Siemerling: Beitrige zur Pathologie der Tabes dor- 
salis und der peripherischen Nervenerkrankung, Arch. f. Psychiat. 18:98, 1887. 
(>) Buzzard, E. F., and Greenfield, J. G.: Pathology of the Nervous System, 
New York, Paul B. Hoeber, Inc., 1923. 





858 ARCHIVES OF OPHTHALMOLOGY 


The ultimate solution of the problem as to whether various end- 
organs in the eye muscles are motor or sensory in function may come 
through work done along the lines suggested by Buzzard and Green- 
field,*!> who showed that in sensory nuclei the rate of degeneration is 
different from that of motor nuclei, or through work like that of Gasser 
and Erlanger ** showing a proprioceptive and a motor component in 
action currents taken from nerves. 

Physiologic methods of approach to this problem of determining 
whether there are sensory nerves and especially proprioceptive nerves 
in the eye muscles may be more satisfactory than anatomic inferences 
and will be discussed in a subsequent paper. 


SUMMARY AND CONCLUSIONS 


It has been shown that many peculiarities distinguish the ocular 
from other striated muscles, both in man and in lower animals. That 
additional structural peculiarities have arisen in man because of func- 
tional differences, such as the presence of stereoscopic vision, has not 
been demonstrated. Embryologically in man there is a possibility of 
splanchnic origin for the ocular muscles. This possibility may explain 
certain similarities of the innervation of these muscles to that of facial 
muscles, which are of splanchnic origin, as contrasted with the innerva- 
tion of skeletal muscles, which are of somatic origin. Histologically the 
ocular muscles show certain features not found in skeletal muscle, 
namely, unusually fine fibers, excessive amounts of elastic tissue, unusual 
fibers with encircling fibrillae, fibers rich in sarcoplasm and others with 
interlacing fibrillae. These details go to make up a picture similar to 
that seen in degenerating muscle in myxedema and various myopathies. 

The innervation of the ocular muscles is remarkable for its abun- 
dance and for certain peculiar endings en grappe which suggest defi- 
nitely a phylogenetically primitive type of innervation and which are 
characteristic of other aberrant muscles. In view of the richness of 
the nerve supply to the ocular muscles, it is remarkable that they contain 
many fewer muscle spindles than any other striated muscles. 

Thus it seems that from an anatomic point of view the extrinsic 
ocular neuromuscular structure of man is phylogenetically earlier than 
the striated musculature anywhere else in the body, and that there is 
relatively little anatomic evidence for ocular proprioceptive sense. 
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THE PROBLEM OF THE CRYSTALLINE LENS 


BENJAMIN L. GORDON, M.D. 


ATLANTIC CITY, N. J. 


The faculty of accommodation having been in a measure solved, as 
it is generally agreed that it is due to some changes in the lens, another 
problem in physiologic optics presents itself for investigation: What 
role does the lens play in astigmatism ? 

It was formerly generally believed that astigmatism was dependent 
entirely on a congenital or an acquired asymmetry of the cornea and, 
as these are anatomic in nature, not subject to changes in amount and 
in meridian. Subsequent investigations have shown that such is not the 
case. The later ophthalmometric investigations of J. H. Knapp and of 
Donders with the newly discovered instrument of Helmholtz showed a 
difference between the ophthalmometric and the subjective measure- 
ments. They ascribed this discrepancy to a curvature of the crystalline 
lens in a direction opposite to that of the cornea, with consequent neu- 
tralizing of some part of the corneal astigmatism. Other observers 
had noticed a change of astigmatism after the lens was made static by 
the instillation of atropine. Some patients would accept a cylinder which 
had not been needed before, while others required a stronger cylinder 
than the one necessary before paralysis of the ciliary body, a phenome- 
non which seemed to indicate that there was accommodation of the lens 
to at least a part of the corneal astigmatism, and also that latent astig- 
matism exists just as latent hyperopia exists. | 

Theoretically, the lens can be made astigmatic in one of the follow- 


ing ways, each of which may either accentuate or neutralize the corneal 
asymmetry : 


1. Dynamic astigmatism of the lens. This type is due to unequal 


contraction of the ciliary muscles which causes a temporary deformation 
of the lens. 


2. Curvature astigmatism. This form is caused by unequal curva- 
ture of the lens itself. 


3. Astigmatism due to the oblique position of the lens. Slight tilting 
ot the lens, so that the incident rays fall on it obliquely, can cause 

From the Peter Ophthalmologic Clinic, University of Pennsylvania Graduate 
School of Medicine. 


. This article is the second to appear under this title. The first was published 
in the November 1935 issue of the Arcuives' (vol. 14, p. 774). 
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astigmatism. This may be demonstrated by placing a convex lens before 
the eye and then tilting it. The letter viewed through it becomes 
distorted. 


+. Index astigmatism. This type is due to small inequalities in the 
refractive index of the different sectors, which may produce distortion 
of the image. (This form is usually very slight in nature, occurs late 
in life and would, therefore, have little effect.) 

Each of the aforementioned theories finds its advocates among the 
various ophthalmologic writers. Teachers of ophthalmology, however, 
for one reason or another, have ignored the participation of the lens 
in astigmatism. The student somehow is left with the impression that 
astigmatism is corneal and does not change. 

When a student at the Jefferson Medical College of Philadelphia, 
I was impressed with the teaching of the late Prof. William Thomson 
that astigmatism is due to asymmetry of the cornea and that this, being 
anatomic in nature, is subject to changes neither in amount nor in mer- 
idian. After I was in practice long enough to examine patients who 
returned for a second measurement of the degree of ametropia, I dis- 
covered, to my surprise, an increase in the amount and a change in 
the axis of the cylindric correction of many patients. For a time I 
almost fell victim to the vanity of believing that all patients with abnor- 
mal ocular conditions were consulting me. I then began to search the 
literature for an explanation and discovered that the ocular conditions 
of my patients were by no means abnormal. 

The literature on this subject has since become so voluminous and 
confusing and has presented such divergent views that “one may easily 
fail to see the forest on account of the trees.” A brief review of the 
available literature on astigmatism is, therefore, most necessary. 


REVIEW OF THE LITERATURE 


The first to consider the question of astigmatism was Sir Isaac 
Newton (1727), who, it seems, was troubled with blurred vision due 
to astigmatism. His observations, however, were personal.? 

Thomas Young (1801)? is credited with being the first to investigate 
the subject. He demonstrated the existence of astigmatism in his own 
eyes by crossing two fine threads on a board at right angles to each 
other and holding the board at the nearest point of distinct vision. Find- 
ing the horizontal thread not as distinct as the vertical, he concluded 
that the point where the thread became indistinct had the weakest 


1. Newton, quoted by Duke-Elder, S.: Practice of Refraction, Philadelphia, 
P. Blakiston’s Son & Co., 1928, p. 119. 


2. Young, Thomas: On the Mechanism of the Fye, Phil. Tr., London 1:23, 
1801. 
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refracting meridian. The difference between the clearness of vision 
for both threads in his case was 1.07 diopters. Eliminating the cornea 
as a factor in the causation of astigmatism by submerging it in water, 
he concluded that astigmatism is due either to displacement of the lens 
in such a manner that the refracting surface lies oblique to the visual 
axis or to a difference in the curvature of the principal meridian. 

Gerson (1810)* corroborated the opinion of Young that astigmatism 
is situated in the lens, adding that it may also be due to alteration in the 
substance of the lens or to a modified action of the ocular muscles. 

Airy (1827)* was the first to correct astigmatism with a cylindric 
glass. He did not enter into the mechanism of astigmatism. 

The first to suggest that astigmatism is due to unequal curvature 
of the cornea was Wilde.’ He pointed out that the curvature of the 
horizontal plane of the cornea is less than that of the vertical. When 
this exceeds the normal it gives rise to irregular refraction, causing 
a circle to appear oval. 

Until the ophthalmometric measurements of the cornea by Knapp, 
however, the opinion of Young that the lens is responsible for accommo- 
dation prevailed. Knapp demonstrated that the cornea is the principal 
seat of the astigmatic anomaly but that the lens not infrequently also 
forms an important factor.® 

Wharton * in 1860 discussed the focal point of horizontal and vertical 


rays of light on the cornea and the power of their adjustment at different 
distances. 


Four years later Donders formulated the important observation that 
with a high degree of asymmetry of the cornea there exists also an 
asymmetry of the lens which acts in such a direction that the total 
astigmatism of the eye is nearly always less than that of the cornea.® 


3. Gerson, G. H.: Of the Form of a Human Eye Showing a Peculiar 
Visual Phenomenon, Inaug. Dissert., Goettingen, 1810; abstr., Klin. Monatsbl. f. 
Augenh. 4:57, 1810; cited by Burnett, S. M.: Theoretical and Practical Treatise 
on Astigmatism, St. Louis, J. H. Chambers & Co., 1887, p. 46. 

4. Airy, George Biddle: On a Peculiar Defect in the Eye and a Mode 
of Correcting It, Tr. Cambridge Phil. Soc. 5:267, 1827; On a Change in the State 
of an Eye wjth a Malformation, ibid. 8:361, 1849. Airy measured his refraction 
aiter a lapse of twenty years and found it somewhat diminished. He had myopia 
of 5.5 diopters. 

5. Wilde: Dublin J. M. Sc. 28:105, 1846-1847; cited by Burnett, S. M.: 
Theoretical and Practical Treatise on Astigmatism, St. Louis, J. H. Chambers & 
Co., 1887, p. 46. 

6. Knapp, J. H.: Die Kriimmung der Hornhaut des menschlichen Auges, 
Heidelberg, J. C. B. Mohr, 1859. 

7. Wharton, A.: Proc. Roy. Soc. London 15:380, 1860. 

8. Donders: Holland. Beitr. zu d. anat. u. physiol. Wissensch. 6:492, 1867. 
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In 1868 Dobrowolsky ® and Woinow, prompted by the observation 
that a cycloplegic has a tendency to increase the amount of astigmatism, 
gave as their opinion that patients with astigmatism whose eyes were 
not atropinized could correct their defect wholly or at least in part by 
an unequal contraction of the ciliary body, thus producing an astigmatic 
surface on the lens to neutralize the opposite corneal meridian. 

The same year Hensen and Voelckers,’® in a series of experimental 
studies, showed that the ciliary muscles, as well as the sphincter pupillae, 
are innervated by a number of separate twigs, each of which passes 
to different segments of the muscles. Division or irritation of the 
separate twigs could cause segmental and uneven contraction of the 
ciliary muscle to overcome a preexisting asymmetry of the cornea. 

Soon after, Hack, in experimenting on the eyes of dogs, reached 
a similar conclusion. He observed an unevenly increased convexity of 
the anterior surface of the lens when certain twigs of the nerve were 
stimulated. 

The mechanism by which lenticular astigmatism is effected is the 
same as that of accommodation in which the ciliary muscle acts on the 
lens in its whole circumference. Certain fibers of the muscles contract 
by reason of a reflex stimulation received by the accommodative center, 
which is connected with the optic nerve, probably through the corpora 
quadrigemina. The accommodative center constitutes the anterior por- 
tion of the nucleus of the third nerve. From the center certain nerve 
filaments transmit efferent impulses through the ganglion to the ciliary 
muscle, and at the same time the impulses are sent to the sphincter 
pupillae, so that the contraction of the pupil takes place simultaneously 
with accommodation. 

A great deal has been written since Dobrowolsky formulated his 
important observations about dynamic lenticular astigmatism. He 
gained the authoritative support of such eminent contemporaries as 
Mauthner, Javal, Landolt and Schiétz and was challenged by men of 
equal eminence, such as Sulzer,’* George Bull, Erikson, Hess ** and 


9. Dobrowolsky, V.: Some Modifications of Astigmatism Under the Influences 
of Accommodation, Voyenno-med. J. (pt. 3) 3:34 and 104, 1868; Ueber 
verschiedene Veranderungen des <Astigmatismus unter dem Einflusse der 
Akkommodation, Arch. f. Ophth. (pt. 3) 14:51, 1868. 

10. Hensen, V., and Voelckers, C.: Experimentaluntersuchung tiber den 
Mechanismus der Akkommodation, Kiel, Schwers, 1868; Arch. f. Ophth. (pt. 1) 
19:156, 1873. 

11. This footnote has been deleted by the author. 

12. Sulzer, in Lagrange, F., and Valude, E.: Encyclopédie francaise 
d’ophtalmologie, Paris, O. Doin, 1903-1906, vol. 3, p. 86. 

13. Hess, C.: Die Anomalien der Refraktion und Akkommodation des Auges, 
Mit einleitender Darstellung der Dioptrik des Auges, in von Graefe, A., and 
Saemisch, FE. T.: Handbuch der gesamten Augenheilkunde, ed, 2, Leipzig, Wil- 
helm Engelmann, 1905, vol. 8, pt. 2., p. 419. 
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Tscherning.'* Wacher, Clark and G. Martin found in the new theory 
a convenient explanation for numerous ocular symptoms and diseased 
conditions, such as headache, migraine, conjunctivitis, hordeola, blephari- 
tis and keratitis and even for cataract. Indeed, even accommodation 
for near vision, in which the ciliary muscle was supposed to act on the 
lens in its whole circumference, was thought by many ophthalmologists 
to be responsible for cataract. Shoen, for example, believed that cataract 
might be caused by the tears and folds in the capsule between the zonu- 
lar filaments and the consequence of the increased efforts of accommo- 
dation, with the production of a swelling of the epithelium, and Hess '® 
thought that opacities of the lens might result from slits produced within 
the zonular fibers by accommodative pressure against an unyielding 
nucleus. 

Javal '° attributed to this unequal contraction of the ciliary muscle 
astigmatism which appears in adult life and gives no evidence of its 
existence in childhood. The astigmatism of the lens, according to 
Javal, passes away with the instillation of atropine or with the increased 
stiffness of the muscle and the hardening of the lens which accompanies 
advanced age. 

Landolt ** stated: “Astigmatism is often what might be termed 
active or dynamic. It is due to the unequal contraction of the ciliary 
muscles which causes the lens to be in the inverse meridian to that of 
the cornea.” 

Tscherning,’* while admitting that there is some other mechanism 
in the eye besides the cornea that shares in the production of astigma- 
tism, stated that no one has directly observed either static or dynamic 
astigmatism in the crystalline lens. Not knowing where the astigmatism 
comes from, he coined the term “supplementary astigmatism.” He laid 
down the following rules: 


1. When the ophthalmometer shows astigmatism of between 1 to 3 
diopters in the vertical meridians, the subjective astigmatism is also 
vertical but somewhat less in amount. 

14. Tscherning, M.: Physiologic Optics, translated by Carl Weiland, Phila- 
delphia, Keystone Publishing Company, 1924, p. 156. 

13. Hess, C.: Arch. f. Augenh. 88:41, 1917-1918: Pathologie und Therapie 
der Linsensysteme in von Graefe, A., and Saemisch, E. T.: Handbuch der gesamten 
Augenheilkunde, ed. 2, Leipzig, Wilhelm Engelmann, 1905, vol. 6, pt. 2, chap. 9. 

16. Javal and Schidtz: Un ophthalmométre praticque, Ann. d’ocul. 6:5, 1881. 
Landesberg, M.: Ueber das Auftreten von regelmiassigem Astigmatismus bei 
gewissen Refraktion- und Akkommodationsanomalien, Arch. f. Ophth. (pt. 2) 
27:89, 1881. 

17. Landolt, E.: The Refraction and Accommodation of the Eye and Their 
Anomalies, translated under the author’s supervision by C. M. Culver, Phila- 
delphia, J. B. Lippincott Company, 1886, p. 301. 
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2. If the ophthalmometric finding is in the inverse meridian, the 
subjective finding is also inverse but, as a rule, more in amount. 

3. When the ophthalmometer shows no astigmatism, the subjective 
astigmatism will be “contrary to the rule.” 

Tscherning disputed the argument of Dobrowolsky that the change 
of astigmatism in the atropinized eye is due to accommodation. He 
maintained that the change is due to the enlargement of the pupil. In 
an enlarged pupil of 7 or 8 mm., more light enters the eye through 
the peripheral portion of the lens, which greatly influences the answer 
of the patient and results in astigmatism from oblique pencils of light. 
This theory was denied by those who favored the theory of accommo- 
dative astigmatism. They asserted that an increase of astigmatism is 




















Chart 1—The diagrams show that more light passes through the crystalline 
lens when the pupil is atropinized. The larger amount of light, however, is all 
around the circumference of the lens and not through certain meridians. The 
additional emmetropia, therefore, would be of a spherical rather than a cylindric 


nature. NP indicates normal pupil; DP, dilated pupil; C, crystalline lens; O, 
object, and M, macula. 


marked, even in cases in which a perforated disk the size of an undilated 
pupil is placed before the patient’s eye. 

The theory of accommodative astigmatism was endorsed in England 
by Swanzy, Maitland and Burton-Cooper and was rejected by Parson 
and, at a more recent date, by Duke-Elder. Swanzy'® stated: “The 
disturbance of vision of middle age or later in life is often due to 


18. Swanzy, H. R.: A Handbook of the Diseases of the Eye and Their 
Treatment, ed. 7, Philadelphia, P. Blakiston’s Son & Co., 1900, p. 65. 
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astigmatism that was masked earlier in life by the unequal accommoda- 
tive contraction of the ciliary muscles, but when the amplitude of accom- 
modation is diminished because of age, the power of the ciliary muscles 
to overcome the corneal astigmatism is also decreased; thus blurred 
vision follows.” 

Ramsey '® found in a study of dynamic lenticular astigmatism the 
reason why a cycloplegic is needed before an attempt is made to rectify 
small errors and the reason why low degrees of astigmatism capable 
of being corrected by the eye itself are often accompanied by headache 
and other symptoms of eyestrain. 

Burton-Cooper *° said, among other things, that oblique astigmatism 
is more potent in this respect because there is an irregular torsional 
accommodative effort which produces an irregularity in the shape of 
the lens. 

On the other hand, Parsons ** expressed the opinion that astigmatism 
cannot be corrected by accommodation. He said: “When the ciliary 
muscle acts, it acts equally all around the circle and when one ciliary 
muscle acts, the one in the opposite eye acts simultaneously and equally 
under ordinary conditions.” According to him, the astigmatism of the 
lens, which tends to counteract the effect of corneal curvature, is of 
a passive nature. 

Duke-Elder 7? denied that there is any scientific basis for dynamic 
ienticular astigmatism. He doubted whether the experiments of Hensen 
and Voelcker had any bearing on the normal contraction of the muscle 
in life. He advanced no new evidence but contented himself with the 
aforementioned argument of Tscherning. 

The same difference of opinion exists among German ophthalmolo- 
gists. Fuchs ** ignored dynamic astigmatism altogether. (Duane men- 
tioned it without comment.) He expressed the belief that the lens 
“gives rise to astigmatism when it is obliquely placed as for example 
in subluxation.” On the other hand, Fick 2* was a firm believer in the 
theory of dynamic astigmatism. He held that the strain which the ciliary 


19. Ramsey, A. Maitland: Clinical Ophthalmology for the General Prac- 
titioner, London, Oxford University Press, 1920, p. 321. 

20. Burton-Cooper, J.: Brit. J. Ophth. 6:385, 1922. 

21. Parsons, J. Herbert: Diseases of the Eye, New York, The Macmillan 
Company, 1934, p. 65; Tr. Am. Ophth. Soc. 5:49, 1888. 

22. Duke-Elder, S.: (a) Text-Book of Ophthalmology, St. Louis, C. V. 
Mosby Company, 1933, vol. 1, p. 75; (b) Practice of Refraction, Philadelphia, 
P. Blakiston’s Son & Company, 1928, p. 121. 

23. Fuchs, Ernest: Textbook on Ophthalmology, translated by A. Duane, 
4, Philadelphia, J. B. Lippincott Company, 1908, p. 782. 

24. Fick, A. E.: Diseases of the Eye and Ophthalmoscopy, translated by 
A. B. Hale, Philadelphia, P. Blakiston’s Son & Co., 1900, p. 377. 
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muscles exert to neutralize corneal asymmetry is responsible for the 
many cases of asthenopia of young persons. 

Of much interest.are the recent studies of Sallmann *° on 100 eyes. 
He used the same procedure as Young, excluding the corneal astig- 
matism with the Zeiss contact glass and measuring the remaining astig- 
matism by skiascopy, with homatropine as the cycloplegic. The result 
of his investigation revealed: 10 aphakic eyes with no astigmatism, 
showing that the residual astigmatism should be ascribed to the lens; 
6 eyes with no lenticular astigmatism, and 84 eyes with lenticular astig- 
matism ranging from 0.25 to 2 diopters. The axis of lenticular astig- 
matism up to 0.5 diopter was opposite that of the corneal astigmatism, 
while in lenticular astigmatism of more than 0.5 diopter it was near the 
same meridian, whether with or against the rule. Sallmann does not 
believe that lenticular astigmatism neutralizes corneal astigmatism in 
all cases. It often increases corneal astigmatism when the latter is pres- 
ent in higher degrees. While lenticular compensation for corneal defects 
could not be noticed because the cornea was made spherical by the con- 
tact glasses, Sallmann’s experiments demonstrated that the lens makes 
efforts to rotate when permitted to accommodate. 

On the other hand, Czellitzer °° asserted that lenticular astigmatism 
does exist, “but that this is dynamic in nature and caused by irregular 
contraction of the zonula of Zinn has not been proved.” Dobrowolsky 
did not give thought to the fact that the pupil of an atropinized eye 
differs from a small pupil. 

Sulzer,1*? Hess ?* and Ostwalt 77 discounted the importance of the 
lens as a neutralizer of corneal defects. They attributed the difference 
in the degree of astigmatism between the ophthalmometric and the sub- 
jective findings to the distance of the trial frames from the eye in the 
subjective test. With the ophthalmometric test the measurement is 
made from the cornea, but with the subjective test it is made 12 mm. 
away from the cornea. This difference accounts for the discrepancy 
between the two measurements. Ronne stated: “It is idle to speak 
of lenticular astigmatism before this difference is computed” (table 1). 

The data obtained by Gassowsky and Samsonowa?® in a study of 
300 eyes (they measured the corneal radii of curvature with the ophthal- 


25. Sallmann, L.: Linsenastigmatismus, Arch. f. Ophth. 131:492, 1933. 

26. Czellitzer: Totalrefraktion und MHornhautrefraktion mit besonderer 
Beriicksichtigung des physiologischen Linsenastigmatismus, Klin. Monatsbl. f. 
Augenh. 79:31, 1927. 

27. Ostwalt, F.: Einige Worte iiber Glaskorrektion bei Aphakie, Klin. Monatsbl. 
f. Augenh, 29:283, 1891. 

28. Gassowsky, L. N., and Samsonowa, V. G.: Der Einfluss des Astigmatismus 


der Hornhautvorderflache auf den Grad des gesamten Augenastigmatismus, Arch. 
f. Ophth. 132:297 (June) 1934. 
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moscope of Javal and Sutcliff and the total refraction with the refrac- 
tionometer of Rodenstock) showed that there is no fixed relation 
between the corneal and the total astigmatism of the eye. In 167 eyes, 
or 55.7 per cent, the degree of total astigmatism differed not less than 
0.5 diopter from that of corneal astigmatism. In some cases the differ- 


TABLE 1—Refraction with Trial Case 12 MM. Away from the Cornea* 
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Peean 3: +4 +8 

{ 0 1.01 2.05 3.11 4.20 5.32 6.47 7.64 8.84 

+1 1.04 2.10 3.19 4.31 5.46 6.63 7.84 9.08 

+ 2 1.06 2.19 3.27 4.42 5.60 6.80 8.04 9.31 

+ 3 1.09 2.21 36 4.53 5.74 6.98 8.25 9.56 

Corneal +4 1.12 2.27 3.44 4.65 5.89 7.16 8.47 9.81 
astigmatism + 5 1.15 2.33 3.53 4.77 6.04 7.35 8.70 10.08 
+ 6 1.18 2.39 3.62 4.90 6.20 7.50 8.94 10.37 

+ 7 1.21 2.45 3.73 5.03 6.37 7.76 9.19 10.66 
+ 8 1.24 2.51 3.82 5.17 6.55 7.98 9.45 10.96 

+ 9 27 2.58 3.93 5.32 6.74 8.21 9.72 11.27 

| 

{ +10 2.31 2.65 4.04 5.47 6.94 8.45 10.00 11.60 

Sph.2> Cyl. —1 —2 —3 —4 —5 —b —7 —8 

f 0 0.99 1.96 2.90 3.82 4.72 5.60 6.46 7.30 

—1 0.97 1.91 2.83 3.73 4.61 5.47 6.31 7.23 

—2 0.94 1.86 2.76 3.64 4.50 5.34 6.17 6.97 

—3 0.92 1.82 2.70 3.56 4.40 5.22 6.03 6.82 

Corneal —4 0.90 1.78 2.64 3.48 4.30 5.11 5.90 6.67 
astigmatism —5 0.88 1.74 2.58 3.40 4.21 5.00 5.77 6.53 
— 6 : 0.86 1.70 2.52 3.33 4.12 4.89 5.65 6.3! 

—7 0.84 1.66 2.47 3.26 4.03 4.79 5.53 6.25 

—s 0.82 1.63 2.42 3.19 3.95 4.69 5.41 6.12 

9 0.81 1.59 2.37 3.13 3.87 4.59 5.30 6. 
{ —10 0.79 1.56 2.32 3.06 3.79 4.49 5.19 5.87 





* This table was suggested by Ronne some years ago to calculate the difference in the 
amount of astigmatism between the corneal measurement with the ophthalmometer and the 
estimate made with trial lenses, which as a rule are 12 mm. away from the cornea. The table 
shows that whereas a distance of 12 mm. from the cornea makes a small difference in the 
lower degrees of astigmatism, in the higher degrees, and particularly when high spheres are 
used, the variation is so great that the measurements bear no relationship to each other. 
The difference may be as great as 3 diopters. For example, the astigmatism measured by 
using a +3.00 cylinder is only +0.11 diopters more with the ophthalmometer, but when this is 
combined with a +10 diopter sphere, the cylinder will be +4.04 and will reach to +3.78 more 
when a +6.00 cylinder is combined with a +15.00 sphere. The same difference will be present 
in myopia, with the exception that the higher degree of astigmatism will be shown when 


measured by the trial lenses. (Ronne, H.: Klin. Monatsbl. f. Augenh. 63:142, 1919. 
Isakowitz, J.: ibid. 80% 49, 1928.) 


ence was as great as 2 or 3 diopters. Total astigmatism was less than 
corneal astigmatism. 


Laqueur *® found that in 34 cases in which the total astigmatism 


differed from the corneal, the latter was greater in 19 cases and the 





29. Laqueur: Ueber die Hornhautkriimmung im normalen Zustande und unter 
pathologischen Verhaltnissen Ophthalmologische Untersuchungen, Arch. f. Ophth. 


(pt. 2) 30:99, 1885. 
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former was less in 15. The difference was, without exception, most 
marked in the lower grade of astigmatism. 

American ophthalmologists, particularly writers of the older text- 
books, as a rule showed an inclination to accept Dobrowolsky’s theory 
of “dynamic astigmatism.” 

Howe *° averred that uneven contraction of the ciliary muscles is 
possible from the anatomic arrangements. There is often a difference 
in the degree of tension of the fibers of individual muscles in other 
parts of the body. It is probable that some filaments which go to the 
ciliary muscle may be paretic, insufficient or overactive, with the pro- 
duction of irregular action of the zonula. In many cases in which the 
patient’s vision is normal, the clinical experience is that the correction 
of an objective astigmatic condition relieves the headache and the 
asthenopic symptoms. 

Pomeroy (1867)* observed progressive hyperopic astigmatism 
among his patients which he thought was due to a change in the lenticu- 
lar refraction. 

Weeks *? considered “dynamic astigmatism so persistent that a part 
only is manifested at first; the latent part shows itself only after the 
patient has worn correcting glasses for some time.” 

Theobald, in his textbook,** confirmed the opinion that in some eyes 
a large part of the corneal astigmatism is rendered latent by the action 
of the ciliary muscle, which produces compensatory astigmatism. The 
strain involved in such efforts is the chief cause of headache and other 
asthenopic symptoms. He pointed out that only a low degree of astig- 
matism with clear vision causes asthenopic symptoms. When the astig- 
matism is high, vision is affected but the test of straining is abandoned. 

Of interest is the observation made by Savage ** on his own person. 
For a number of years the ophthalmometer showed that he had corneal 
astigmatism, but as it did not cause him any discomfort he did not cor- 
rect it. At the age of 28 he began to be troubled with asthenopic 
symptoms, which were relieved for a time by a cylindric lens. The 
strength of the cylinder had to be increased at frequent intervals until 
he reached the age when the ciliary muscles became inactive. Savage 


30. Howe, Lucien: Ocular Muscles of the Eye, New York, Putnam Publish- 
ing Company, 1907, p. 48. 

31. Pomeroy: Tr. Am. Ophth. Soc. 3:30, 1869. 

32. Weeks, John E.: Diseases of the Eye, Philadelphia, Lea & Febiger, 1910, 
p. 649. 

33. Theobald, S.: Prevalent Diseases of the Eye, Philadelphia, W. B. Saunders 
Company, 1906, p. 419. 


34. Savage, G. C.: Ophthalmic Myology: Systematic Treatise on Ocular 
Muscles, Nashville, Tenn., G. C. Savage, 1902, p. 42. 





GORDON—CRYSTALLINE LENS 869 


attributed his condition to astigmatic accommodation. He offered the 
following explanation : 

Up to 28 years of age, the corneal defect was overcome by the 
inverse astigmatism of the lens, but after that age the ciliary muscles 
began to weaken, and he was obliged to correct the corneal astigmatism 
with a cylindric lens. When he reached the age at which presbyopia 
develops, because of the lack of compensation on the part of the lens, 
all the corneal astigmatism became manifest, and no change in the cylin- 
dric glass was needed. Savage expressed the belief that even the highest 
degrees of corneal astigmatism may be overcome by the action of the 
lens. He ascribed the asthenopic symptoms to the strain exerted on 
the longitudinal fibers of Bowman’s muscle, which is concerned in the 
tilting of the lens in a position to enable it to counteract corneal 
defects.** 

Lautenbach ** asserted that the ophthalmometer will measure neither 
the refraction nor the total astigmatism except when the latter is con- 
fined to the cornea. It will measure the axis and the degree of astig- 
matism, if the latter is corneal. It will measure the axis in 88 per cent 
of cases and the degree of astigmatism in 45 per cent. 

Hartridge,*” on the other hand, thought that only a small degree 
of corneal astigmatism is distinguished by the unequal contraction of 
the ciliary muscles. As to the mechanism for such action, he repeats 
the theory of Hensen and Voelcker that one segment of the ciliary 
muscle is acting while the rest of the muscles remain passive. The 
curvature of the lens is increased in the direction of the ciliary con- 
traction only. 

Oliver,’* with his characteristic clearness, emphasized that there is 
latent astigmatism, just as there is latent hyperopia, which is hidden by 
the action of the ciliary muscles on the lens. “Astigmatism,” he stated, 
“unless corrected by the ciliary muscle, or by a cylindrical glass, is 
bound to reduce vision. At times the principal meridians of lenticular 
astigmatism will be found to be situated at right angles to those of any 
existing corneal astigmatism. It is probably being dependent on physio- 
logic over-corrective influence of the crystalline lens on the faulty cornea. 
The crystalline lens’ action is so uncertain that the minimum amount 


of dynamic change may expose the corneal defect and will interfere 
with good vision.” 


35. Savage, G. C.: Tr. Pan-Am. M. Cong. 2:1424, 1893. 
36. Lautenbach, Louis J.: Tr. Pan-Am. M. Cong. 2:1435, 1893. 


37. Hartridge, Gustavus: Refraction of the Eye, Philadelphia, P. Blakiston’s 
Son & Co., 1902, p. 160. 


38. Oliver, Charles, in Norris, W. F., and Oliver, C. A.: System of Diseases 
of the Eye, Philadelphia, J. B. Lippincott Company, 1900, vol. 4, p. 439. 
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Rutherford ** defined accommodation as a contraction of the ciliary 
muscle in its whole circumference, while dynamic astigmatism is a 
contraction of the ciliary muscles in certain segments only. 

Posey *° declared that astigmatism is greater in atropinized than in 
unatropinized eyes in a certain number of cases, leading one to suppose 
that accommodation had concealed a certain amount of it. 

Gradle ** cited a case that showed unmistakably the influence that 
the ciliary muscle exerts on total astigmatism. 

Souter,*? in a study of 3,000 cases, found that lenticular snails 
is as frequent as corneal. The reason it does not reach as high a degree 
as corneal astigmatism is that the posterior surface of ‘the lens that 
produces the astigmatism has a smaller area than that of the cornea. 
He found that the curvature of the lens is always in the inverse diam- 
eter, tending to offset the corneal defect, but it does not wipe it out. 
A small degree of corneal astigmatism with the rule is always left. 


DEDUCTIONS FROM CLINICAL EVIDENCE 

It is apparent from the literature presented that there is almost a 
unanimity of opinion that the lens shares in the production of total 
astigmatism and that the astigmatism thus produced tends to neutralize 
the corneal defect. The only difference of opinion is in the mechanism 


by which the anomalous condition of the surface of the lens is brought 


about and in the resulting effect on refraction due to the different 
mechanical changes. 


Those who believe in the theory of static changes in the lens declare 
that the degree of such astigmatism is rarely more than 1.5 diopters 
and is usually 0.25 diopter, that it is most frequently in the inverse 
meridian and that its tendency is to diminish by the same amount the 
corneal astigmatism with the rule and to increase corneal curvature 
against the rule. 

Those who believe in the dynamic theory of lenticular astigmatism 
claim that the curvature of the lens may be in any meridian, depending 


39. Rutherford, C. W.: The Eye, New York, D. Appleton & Company, 1928, 
p. 359. 

40. Posey, William Campbell: Diseases of the Eye, Philadelphia, Lea & 
Febiger, 1902, vol. 1, p. 103. 

41. Gradle, H. S.: Act of the Ciliary Muscle in Astigmatism, Am. J. M. 
Sc. 72:109, 1879. 

42. Souter, W. N.: Refraction and Motor Mechanism of the Eye, in Posey, 
William, and Spiller, W. G.: The Eye and the Nervous System, Philadelphia. 
J. B. Lippincott Company, 1903, p. 47; in Wood, Casey, A.: American Ency- 
clopedia and Dictionary of Ophthalmology, Chicago, The Cleveland Press, 1919, 
vol. 14, p. 10944. 








GORDON—CRYSTALLINE LENS 871 


on the various possible demands. It will be in a horizontal meridian 
when called on to neutralize the vertical meridian of the cornea and 
in a vertical diameter when it is necessary to. counteract the horizontal 
meridian of the cornea. The astigmatism may reach as high as 1.5 
to 2 diopters or more. Early in life, when the range of accommodation 
is large, the lens may offset a high amount of corneal astigmatism with- 
out disturbance in vision and without asthenopic symptoms, but during 
late adult life the extra effort put on the inactive ciliary muscles and 
on the hardening lens (to counteract the corneal curvature) produces 
visual disturbance and gives rise to asthenopic symptoms. 

The controversy hinges on the following question: Is the curvature 
of the lens, which causes astigmatism, anatomic or physiologic in char- 
acter? There is no direct positive experimental evidence that will answer 
the question. Examination of recently removed lenses of astigmatic 
eves do not reveal any uneven curvature. Neither are the conclusions 
of Hensen and Voelckers and of Hack—that certain filaments of the 
ciliary muscle contract independently during life—entirely convincing. 

Knowledge of the subject must necessarily rest on clinical evidence. 
If astigmatism is structural in nature and due to unequal curvature 
of the lens, the amount of astigmatism, unless changed by disease, would 
remain permanent. It would not be affected by the instillation of atro- 
pine. It would not increase in amount during adult life, and, while 
it might cause disturbance of vision, it would not produce asthenopic 
symptoms. On the other hand, if the asymmetry of the lens is physio- 
logic, brought about by the uneven contraction of the ciliary muscle, 
there would be a sudden increase of astigmatism when the ciliary mus- 
cles are paralyzed by atropine and a gradual increase of total astigma- 
tism during life proportionate to the weakening of accommodation. In 
this case there might be congestive disturbance and pain due to efforts 
made by the weakened ciliary muscle to overcome the corneal defect. 

Clinical evidence tends to show that the action of the crystalline 
lens is dynamic in nature. There is a class of patients who daily visit 
the office of the oculist whose acuity of vision is even better than normal. 
They read clearly all the letters of the test card and see distinctly all 
the lines on the dial card, and yet the retinoscope shows unmistakably 
the presence of astigmatism. The headache, which prompted them to 
seek the advice of an oculist, disappears when they wear cylindric glasses. 
The only logical explanation for the clear vision in the presence of 
astigmatism is that the corneal defect was overcome by the accommoda- 
tive action of the lens. But this was at the expense of overexertion 
of the ciliary muscle, as manifested by the headache. That the cepha- 
lalgia was due to strain of this muscle might be proved by paralyzing 
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the ciliary muscles of such patients with atropine, after which the head- 
ache will give way to blurred vision.** 

Landolt '* suggested the following expedient as a proof for accom- 
modative astigmatism: Place at the front of an emmetropic eye a weak 
cylindric lens and direct the patient to look at a star. For a moment 
one of the meridians of the star will become blurred, but after a few 
seconds, owing to accommodative action, all lines will be cleared up. 
“This muscular action reveals itself by a rather disagreeable sensation 
resembling that during fixation of the punctum proximum.” 


INFLUENCE OF ATROPINE ON ASTIGMATISM 


The increase of astigmatism after the instillation of atropine as 
an indication of the dynamic action of the lens has been pointed out. 
In my analysis of 2,599 eyes, I found that condition in 69 per cent of 
patients who exhibited an increase ranging from 0.25 to 1.5 diopters 
of astigmatism. 

But what is still more significant of the elastic properties of the lens 
is the progressive increase of astigmatism in eyes that have not been 
atropinized. Jackson,** in a statistical study of 645 astigmatic eyes 
examined both by the ophthalmometer and by the retinoscope, found an 
increase of astigmatism in all but 6 patients. All required a change of 
glasses, and in nearly all cases he thought that the strain was due to 
a change in the action of the lens, as the corneal changes were insig- 
nificant. In another analysis of 1,294 eyes of 648 patients who com- 
plained of strain (the refraction of each was measured under the 
influence of atropine at intervals ranging from five to seventeen years— 
an average of eight and two-thirds years), he found that 421 eyes, 
or 32.7 per cent, showed an increase in astigmatism of less than 0.25 
diopter ; 472 eyes, or 36.1 per cent, showed an increase of from 0.25 to 
0.5 diopter, and 394 eyes, or 31.2 per cent, an increase of 0.5 diopter 
and more. Jackson came to the important conclusion that even slight 
changes in the lens are an important cause of eyestrain, and frequent 
examinations are necessary for its detection. 

In my statistical study of 2,599 eyes, of which 928 were reexamined 
after a lapse of from three to six years, most of the patients complained 
of strain. A cycloplegic was used in those up to 43 years of age, their 
astigmatism being measured by the skiascope and trial lenses. I found 


; 43. Gordon, B. L.: Importance of Cephalalgia in Ocular Diagnosis, Arch. 
Ophth. 11:769 (May) 1934. 

44. Jackson, Edward: (a) Progressive Hyperopic Astigmatism, Tr. Am. 
Ophth. Soc. 5:676, 1890; (b) Changes in Astigmatism, Am. J. Ophth. 16:957 
(Nov.) 1933: (c) Common Changes in Regular Astigmatism and Their Causes, 
Tr. Sect. Ophth., A. M. A., 1918, p. 88; (d) Share of Crystalline Lens in Ocular 
Refraction, Tr. Am. Acad. Ophth. 31:66, 1931; (e¢) Ophth. Rev. 12:349, 1893. 








GORDON—CRYSTALLINE LENS 873 


that 162 eyes had an increase of astigmatism of from 0.25 to 0.5 diopter, 
and 298 eyes had an increase of 0.5 diopter or more. (In the rest the 
increase was not tabulated because the change was less than 0.25 
diopter. ) 

It is interesting to note that the same scale of rise and decline of 
astigmatism was observed both in hyperopic and in myopic eyes. In 
both the patients with hyperopia and those with myopia the astigmatism 
began in the same number of cases (about 42.5 per cent), at the age 
of 15, with the only exception that in hyperopic eyes the incidence of 


Tas_e 2.—Changes in Astigmatism, According to Age Groups, in Hyperopic and 
Myopic Eyes After Refraction * 











Age 
- —_— ™ 
15 Years 25 Years 35 Years 45 Years 55 Years 65 Years 75 Years Total 
oS Son Son oo to te eo is OO ee eo ees 
vy S > v eo o + + 
. : 2 me re rae 
2 2s: 24 2 2 2 t 8s 2 eS 
2 3° o = e o © m2 ¢ £2 ¢ = o 
= & = = Sig er ee S = © eae “ee 
"He 2g 2 oe = j = o = o = oe = Y = 
= eyes 20 &@26 2 © 8 @ 2 4 2 RS OE 
Number of eyes 66 20 51 87 122 98 71 515 
No change...... 9 13.6 3 15.0 12 9.5 16 183 26 21.3 2 205 11 15.4 106 20.5 
Increase........ 388 57.5 11 55.0 33 64.7 43 49.4 60 49.1 41 41.8 39 56.3 265 51.4 
Decrease........ 19 28.7 6 30.0 6 117 2 32.1 3% 2 28 28.5 21 29.5 144 27.9 
Cylinder 
No change...... 27 40.9 5 25.0 14 27.4 26 298 37 © 380.306«©642 «642.8 31 43.6 182 35.3 
Increase........ 28 42.4 9 450 27 529 46 52.8 59 48.3 45 46.0 24 33.8 288 46.2 
Decrease........ 11 16.8 6 30.0 10 19.6 | lo MWS BS UH WwW BS C6 164 
Myopic eyes 
Sphere 
Number ofeyes 52 101 7 44 72 36 21 413 
Nochange...... 4 76 17 168 24 27.5 7 159 13 18+ 10 27.7 8 38+ 83 20+ 
Increase........ 38 73+ 70 60.3 S50 57.4 23 568 40 55.5 18 50.0 7 33.3 248 60+ 
Decrease........ 10 1202 14 138 18 149 12 272 19 243 2.2 6 28.5 82 19.8 
Cylinder 
No change...... 18 346 34 33.6 30 34.4 9 204 17 23.6 5 13.8 10 47.6 123 29.7 
Increase........ 22 42.3 48 47.5 48 55.1 31 704 42 58.3 25 69.4 6 23.5 222 53.7 
Decrease........ 12 23+ 19 188 9 10.3 4 9+ 13 18+ 6 16.6 5 23.8 68 16.4 





* The analysis presented here is based on data for 2,599 eyes (1,306 patients) from office 
records of patients treated during a period of several years. Cases in patients less than 5 years 
of age were not numerous enough for statistical data. For the purpose of studying the changes 
of refraction at different ages, patients were divided into groups of ten year periods: the first, 
patients from 5 to 15 years of age; the second, patients from 15 to 25, and so on to 75 years of 
age. These ages present definite periods, with different demands on the eyes. 
astigmatism rose to 58.8 per cent at the age of 45 and in myopic eyes 
it increased to 70.4 per cent. There was a difference, however, in the 
average strength of the cylindric glass in each sign. The average 
amount of the cylinder for the hyperopic eyes was higher than for the 
myopic eyes at the period ending with 15 years of age; the subsequent 
degree of astigmatism in hyperopic eyes fluctuated through every period 
of life. In the myopic eyes it steadily rose, reaching a climax at 45 
years of age. Then it began to decline and continued to do so until 
the last period of life. The highest degree of astigmatism was noted 
in the simple forms, and-this was true particularly of myopic astigma- 
tism (table 2 and chart 2). 
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It will be noted from the tables and charts presented here that there 
was an increase in the incidence and in the amount of astigmatism 
in persons of almost all ages, but this was observed particularly during 
adolescent life. A marked change in the incidence and in the amount 
of astigmatism took place both in persons with hyperopia and in those 
with myopia over 40 years of age, corresponding with the age when 
the process of accommodation was greatly reduced and the correcting 
crystalline lens was no longer able to offset in the same measure the 
corneal asymmetry (table 3). 
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Chart 2.—Incidence of astigmatism in hyperopic and in myopic eyes. The 
line 4 indicates changes in the sphere for the correction of hyperopia and myopia; 
the line B, changes in the cylinder for the correction of myopia; the line C, 
changes in the cylinder for the correction of hyperopia and myopia and the line 
D, changes in the cylinder for the correction of hyperopia. 


CHANGES IN THE MERIDIANS 


Another problem relating to astigmatic refraction is that of the 
meridian. It is generally recognized that at the age when presbyopia 
develops a change takes place in a large number of cases in the axis 
of the cylindric correction. Is this change due to alteration in the 
structure of the crystalline lens? This entire subject is perplexing to 
a certain extent to the student of ophthalmology. Even the terminology 
used to indicate the direction of the meridian demands investigation. 
The old standards, astigmatism with the rule and astigmatism against 
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the rule, in the light of present-day knowledge are to a certain extent 
misleading. ; 

In other branches of medicine the term “normal” applies to the 
average or the usual condition of the healthy person. Thus, one speaks 
of a normal temperature, a normal pulse rate, a normal respiratory rate, 
etc. Any change of the standardized condition is “abnormal” or 
“pathologic.” 

This is not the case with reference to the refractive condition of 
the eye. Here one is not dealing with an actual average found in the 
healthy eye but with an imaginary average or a theoretically normal 
eye to establish a priori standards. Thus, when one speaks of an 
“emmetropic eye,” one has in mind an eye that in the state of rest 
focuses parallel rays of light on the retina, an eye which measures 
within a fraction of a millimeter the length of the eye and the shape 
of the cornea and lens—a mathematical accuracy seldom, if ever, found 
ina living organism. Such an eye may be the ideal eye but not a normal 


TABLE 3.—Amount of Cylindric Correction at Different Ages 








Age 
= = 





15 Years 25 Years 35 Years 45 Years 55 Years 65 Years 75 Years 
Hyperopic eyes 


Highest degree... . 5.00 5.50 4.00 4.00 6.00 5.00 9.50 

Lowest degree.... 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Average degree... 1.22+ 0.76+ 1.32+ 0.81+ 0.79+- 0.78+ 1.16+ 
Myopic eyes 

Highest degree.... 3.50 5.50 5.50 5.00 5.00 4.50 2.75 

Lowest degree.... 0.25 0.25 0.25 0.25 0.25 0.25 0.50 

Average degree... 0.78+ 1.00+- 1.36+ 1.55+ 1.18+ 1.15+ 1.00+ 





one. The eye that does not refract parallel rays of light exactly on 
the retina is the more common. In a study of 2,500 persons whose 
vision was normal after refraction, Clark found only 9 with emme- 
tropia.*® 

This lack of clearness is even more pronounced when one speaks 
of astigmatism with the rule and against the rule. It does not really 
mean that the rule, or the most common condition, is for the meridian 
to be vertical, as it will be seen that both greater and lesser curvatures 
are equally common. 

The terms “with the rule” and “against the rule” were based on 
the early experiments of Donders and of Knapp on the cornea only 
with the newly invented ophthalmometer, and no account was taken 
of the crystalline lens. The rule laid down by Donders that astigma- 
tism with the rule is in the vertical diameter is true as far as the mea- 





45. Clark, cited by Duke-Elder, S.: Practice of Refraction, Philadelphia, P. 
Blakiston’s Son & Co., 1928, p. 73. 
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surement of the cornea is concerned but not as to total astigmatism. 
In fact, Donders *® and Knapp,*’ in their later investigation in which 
they noted the existence of a difference between the ophthalmometric 
and the subjective measurements, attributed it to the crystalline lens, the 
meridian of which they thought was in a diameter contrary to that of 
the cornea. 

Steiger, Schoen and Pfalz have long noted a progressive diminution 
of perpendicular astigmatism and an increase of horizontal astigmatism 
as age advances. Steiger stated: “The frequency of astigmatism 
‘against the rule’ increased gradually to 70 years of age, afterwards 
more rapidly.” 

Hess ** pointed out that the large amount of astigmatism with the 
rule at the age of 20 may become against the rule at 60. 

Tscherning *® observed that astigmatism with the rule changes to 
astigmatism against the rule. He ascribed this change to the influence 
of increased tension and expressed the belief that this form of astig- 
matism becomes more frequent with age. 

Priestley Smith also expressed the opinion that changes in the mer- 
idian are due to increased tension caused by the growth in the size 
of the lens. He stated: “The relationship of hypermetropia, increased 
astigmatism, and advanced age to glaucoma is more than an incident. 
The short eye, the large lens, and the inverse astigmatism is responsible 
for it.” 

Landolt '* asserted that the mechanism of the change was dependent 
on the action of the ciliary muscles. He reached this conclusion from 
the fact that a change of meridian is often noticed after the instillation 
of atropine. The meridian in the most powerful refraction before the 
' administration of a cycloplegic becomes the meridian in the minimum 
refraction afterward, and vice versa. 

The result of the investigations made by Foehndrich shows that 
astigmatism against the rule is found in increasing proportions in per- 
sons about 40 years of age, reaching a proportion of 80 per cent in 
persons 70 years of age. He found little change in the cornea, and he 
concluded that this inverse astigmatism was brought about by the 
increasing obliquity of the lens, by the weakened power of Bowman’s 
muscle or by visual habits brought on by certain occupations. 

The recent experiments of Sallmann corroborate the theory that 
the change of meridian is influenced by the crystalline lens. He exam- 


46. Donders, F. C.: Anomalies of Accommodation and Refraction of the 
Eye, London, New Sydenham Society, 1864, p. 511. 

47. Knapp, J. H.: Ueber die Asymmetrie des Auges in seinen verschieder 
Meridiansystemen, Arch. f. Ophth. (pt. 2) 8:185, 1865; footnote 6. 

48 Hess,}3 vol. 8, p. 12. 

49. Tscherning,!4 p. 150. 
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ined 23 persons to ascertain the change in the axis of astigmatism during 
accommodation and found that 8 showed a rotation of 15 degrees and 
7 a change of from 15 to 30 degrees. His examination also revealed 
that the axis in cases of lenticular astigmatism up to 0.5 diopter was 
opposite that of the cornea; in cases of astigmatism of between 0.5 and 
1 diopter it varied, and in cases of astigmatism of more than 1 diopter 
it was nearly always in the same meridian as that of the cornea, whether 
with or against the rule.*® 

That the change in the meridian is not corneal was pointed out by 
the investigations of Waardenburg.*® “The position of the axis and 
astigmatism,” he stated, “are correlated only in slight degrees. There 
is a hereditary determination for the corneal radius which modifies only 
in limited degrees normally. It established the normal index of astig- 
matism and possibly the position of the axis.” Twenty-five hundredths 
diopter is accepted as physiologic and is due either to the pressure of 
the upper lid or to the elliptic shape of the cornea, which has its longest 
diameter (12 mm.) at 180 degrees, thus exercising the effect of a cylin- 
der of the opposite axis. 

The hereditary character of the cornea relating to the meridian has 
recently been questioned by Vele.5! In a recent article “Behavior of 
Corneal Astigmatism Becoming Inverted with Age,” he leaves the 
impression that the meridian in cases of corneal astigmatism is not alto- 
gether determined by heredity. But be that as it may, the opinion of 
Javal and others that astigmatism according to the rule is corneal, 
that astigmatism against the rule is more often lenticular and that age 
is a determining factor is generally accepted. 

The early statistics of Nordenson,** showing 77.7 per cent of astig- 
matism in the vertical diameter, and those of Burnett,** showing 72.2 
per cent in the same diameter, were based on inaccurate observations in 
typical cases. The first author had based his data on the examination 
of school children, and the second examined only the cornea and did 
not take into consideration the lens. De Schweinitz*> reported 100 
cases of astigmatism against the rule, 70 of which were in persons 
more than 40 years of age and 30 in persons under 40. Bennett and 


50. Waardenburg, P. J.: Hornhautastigmatismus und Hornhautbrechung, Klin. 
Monatsbl. f. Augenh. 85:31 (July) 1930. 


51. Vele, M.: Boll. d’ocul. 12:1339 (Nov.) 1933. 
52. This footnote has been deleted by the author. 


53. Nordenson, E.: Recherches ophtalmométriques sur l’astigmatisme de 
la’cornée, Ann. d’ocul. 89:110, 1883. 


54. Burnett, S. M.: Tr. Am. Ophth. Soc. 5:48, 1888. 


55. de Schweinitz, G. E.: One Hundred Cases of Astigmatism Contrary to 
the Rule, J. A. M. A. 17:359 (Sept. 5) 1891. 
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Clemesha ** found 80 per cent of persons in the first decade of life with 
astigmatism in the vertical diameter, while 63 per cent in the seventh 
decade had astigmatism in the horizontal diameter. 

That changes in the meridian frequently take place was clearly out- 
lined by Duke-EIder.** “In astigmatism also,” he stated, “there is fre- 
quently a tendency to gradual changes. In hypermetropic astigmatism, 
the axis tends to rotate from the vertical to the horizontal diameter 
so that the vertical meridian becomes more curved. In a myopic error, 
the tendency is for the rotation of the axis of the cylinder toward the 
vertical. This is by no means constant or invariable and when it does 
occur it usually is very slow—only one or two degrees a year.” 

The studies of Dr. Kadamas** of Japan reveal that the changes 
in the meridian are more frequent than is generally admitted. He found 
in his group of patients of all ages almost the same percentage of 
changes present in the vertical as in the horizontal diameter. 

Very interesting are the observations of Jackson.°® In a study of 
394 eyes with 0.5 diopter or more of astigmatism, he found that in 
62.5 per cent the meridian tended toward the horizontal diameter and 
in 27 per cent toward the vertical diameter ; in 10.5 per cent it remained 
the same or tended toward the oblique diameter. In the first decade 
astigmatism with the rule was found in 55 per cent of all eyes, but 
as life advanced it became less frequent—in the last period there was 
inclination toward the vertical axis in only 15 per cent of the eyes 
studied. On the other hand, the tendency toward astigmatism against 
the rule increased with age. In the first decade the meridian was in the 
inverse diameter in only 22 per cent of eyes, but in the last decade 
the incidence increased to 77.7 per cent. Of the eyes in which the 
meridian was in the oblique diameter, only 4 of the 10.5 per cent showed 
a change. In a tabulation concerning 434 eves of patients over 40 years 
of age Jackson found that the meridian in 36 changed from the vertical 
to the oblique diameter, and in 79, from the vertical to the horizontal 
diameter ; in 20 it remained in the oblique diameter and in 25 it changed 
to the horizontal diameter. In the 147 eyes in which the meridian was 
in the horizontal diameter in the first examination, it remained in the 
same diameter in 145 and changed to the vertical diameter in 2. In 
140 eves there was but a slight change. “Statistics show,” Jackson con- 


56. Bennett, A. G., and Clemesha, J.: A Study in Astigmatism, Am. Med. 
6:189, 1903: in discussion on Jackson.44¢ In a later group consisting of 7,765 
eves Bennett reported the same condition. He did not meet with a single case 
in which the meridian turned toward the temporal side in the ages between 
70 and 80. 

57. Duke-Elder,22» p. 150. 

58. Kadamas, quoted by Lindberg, J. G.: Acta ophth. 11:264, 1933. 

59. Jackson.4#¢ 
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cluded, “that the meridian of greatest refraction is nearly always vertical 
early in life and more generally horizontal later in life. What was 
‘with the rule’ early in life becomes ‘against the rule’ later in life.” °° 

()f no less statistical interest is the analysis of 2,122 patients of all 
aves made by Lindberg.*t He showed that 50.8 per cent of persons 
with astigmatism of 0.5 diopter and more had inverse astigmatism, 
42.6 per cent had vertical astigmatism and 7.4 per cent, oblique astig- 
matism. Of 1,143 patients under 42 years of age, 42 per cent had 
inverse astigmatism and 51 per cent, vertical astigmatism. Among 674 
patients with astigmatism of not less than 1 diopter, the meridian was 
in the vertical diameter in 67 per cent and in the horizontal diameter in 
27 per cent. Lindberg noticed that the inverse astigmatism developed 
more rapidly while the eyes were becoming myopic or were losing their 
hyperopia. He was of the opinion that inverse astigmatism is acquired, 
not congenital. 

My observations in an analysis of records in my private files con- 
cerning 1,707 astigmatic eyes showed almost the same percentage of 
changes as those estimated by Lindberg. I found that in 44.4 per cent 
of the eyes the meridian was vertical; in 44.2 per cent it was horizontal 
and in 11.4 per cent it was oblique. In my group of cases 1,175 cf 
the eves were hyperopic and 532 myopic. In the last group I included 
eves with mixed astigmatism because they presented the same kind of 
changes. Of the group of hyperopic eyes the meridian was vertical 
in 48.8 per cent, oblique in 11.3 per cent and horizontal in 40 per cent. 
In the group of myopic eyes the meridian was vertical in 34.9 per cent, 
oblique in 11.8 per cent and horizontal in 53.3 per cent. 

Among the patients with hyperopia the vertical meridian prevailed 
in 74.3 per cent of those under 15 years of age and in 19.6 per cent 
of those in the seventh decade. The horizontal diameter, on the other 
hand, was predominant in 18 per cent of persons under 15 years of 
age and in 68.3 per cent of those in the seventh decade. The epposite 
trend was noticed in persons with myopia. The incidence of the vertical 
diameter, which was 31.7 per cent in persons in the first period of life, 
increased to 55 per cent by the seventh decade; the incidence of the 
inverse meridian, which was 63.4 per cent in persons under 15 years of 
age, decreased to 31.2 per cent by the age of 60. 

60. Jackson, E.: Changes in Astigmatism, Am. J. Ophth. 16:967 (Nov.) 
1933; Norms of Refraction, Tr. Sect. Ophth., A. M. A., 1931, p. 174; J. A. M. A. 
98:132 (Jan. 9) 1932. The observations of Jackson were corroborated by the 
independent and separate tabulation of D. H. O’Rourke of Denver. The greatest 
difference in the percentage between his data and Jackson’s did not exceed in any 
instance 4 or 5 (Jackson, E., and O’Rourke, D. H.: Changes in Refraction 
with Presbyopia, Arch. Ophth. 4:771 [Nov.] 1930). 

61. Lindberg, J. G.: Acta ophth. 11:264, 1933. 





TABLE 4.—Changes in the Position of the Meridian in Astigmatic Hyperopic Eyes 
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TABLE 5 —Changes i in n the Position of the Meridian in 


Astigmatic Myopic Eyes 
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Second Examination 
No change in axis 

Vertical 
meridian 13.3 : 8 24.4 
Oblique 
meridian 6.6 0 y 4.4 
Horizontal 
meridian 5 83.3 21 45.6 20.0 


Inclination toward horizontal diameter 
26.6 11 23.9 11 24.4 7 28.0 25.0 4 40.0 
Considerable.. 3 20.0 6 13+ 3 «6.6 3 12.0 3 12+ 20.0 
Ine lination tow wee vertical diameter 
0 2 4.3 6 13.3 1 4.0 > 20.8 10.0 
4.1 
Total number of hyperopie and myopic eyes in which the meridian inclined 
toward the horizontal diameter 
Total number of hyperopic and myopie eyes in which the meridian inclined 
toward the vertical diameter 
Total number of hyperopic and myopic eyes in which the meridian was in 
a aor rain cc0e 4a dk 4 ods RE REUemAS CoE peceKseees Vas EeN ec come 
Total number of hyperopic and myople eyes in which the meridian was in 
the oblique diameter 
Total number of hyperopie and prec eyes in which the meridian was in 
the horizontal diameter 


36.0 


20.0 


g 
Considerable.. 4 6°82 3 6.6 0 
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In a study of 238 eyes that needed no cylinder on the first exami- 
nation and showed the presence of astigmatism at the second measure- 
ment (162 eyes were hyperopic and 76, myopic) the meridian in 71 of 
the hyperopic eyes was vertical, in 12 it was oblique and in 79, hori- 
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Chart 3—The changes in the meridian in hyperopic eyes according to age. 
A indicates the vertical meridian; B, the horizontal. meridian. 
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Chart 4—The changes in the meridian in myopic eyes according to age. -4 
indicates the vertical meridian; B, the horizontal meridian. 


zontal. In a study of the myopic eyes, the meridian was vertical in 20, 
oblique in 9 and horizontal in 47. In a study of the 220 eyes (40.8 
per cent) in which astigmatism was present at the first examination 
and a change of the meridian was observed in the second measurement, 
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‘in 144 the trend was toward the horizontal meridian and in 76 toward 
the vertical meridian. The trend toward the horizontal meridian in this 
class of cases was more marked in myopic eyes than in hyperopic eyes 
(tables + and 5, and charts 3 and 4). 

It may be of interest to note that in the higher degrees of hyperopic 
astigmatism the meridian in all the groups of patients under observation 
tended toward the vertical diameter, while in the lower degrees it 
inclined toward the horizontal diameter. In cases of myopic astigmatism 
the tendency was in the opposite direction. I have observed that the 
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Chart 5.—1, location of the meridians in eyes with hyperopic astigmatism 
in the first age period. Each X represents an eye. Note the large number ot 
meridians in the vertical diameter. B, location of the meridians in eyes with 
hyperopic astigmatism in the seventh age period. Note the large number of 
meridians in the inverse diameter. 


highest degree of astigmatism was in the simple form, and in this 
condition the change of the diameter was not so frequent as in com- 
pound astigmatism. I also found in the group of patients under my 
observation that the tendency to mixed astigmatism was inclined toward 
the myopic rather than the hyperopic trend of changes. 
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It is apparent from the statistics quoted and the appended tables that 
there is a unanimity of opinion as to the meridional changes. The differ- 
ence reached in the percentages among writers is due to the class of 
patients studied. In private practice low refractive errors are recorded 
which are often overlooked in clinics. The statistical data taken from 
private files, as a rule, agree within about 5 per cent. Another reason 
for the discrepancy in figures is the lack of uniformity among ophthal- 
mologists in the reading of the dial card, as will be seen later. 
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Chart 6.—4, location of the meridians in eyes with myopic astigmatism in the 
first age period. Each X represents an eye. Note the large number of meridians 
in the inverse diameter. B, location of the meridians in eyes with myopic astigmatism 
in the seventh age period. Note the larger number of meridians in the vertical 


diameter. 


sut be this as it may, the old teaching that the largest number of 
astigmatic eyes have a vertical meridian and only a small number have 
their greatest curvature on the arc on the transverse diameter is without 
any basis of fact. There is no fixed rule for the location of the meridian. 
It depends on the age of the patient and the participation of the lens 
in the astigmatic defect. Early in life regular astigmatism corresponds 
to the corneal curvature, but later in life, for reasons aforementioned, 
this tendency is diminished (charts 5, 6 and 7). 
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SUGGESTED CHANGE OF TERMINOLOGY 

The terms “with the rule” and “against the rule,” therefore, are 
misleading and if used at all should be restricted to the early and late 
periods of life. Equally misleading is the term “oblique,” as it may 
apply to any diameter which is off the 90 or 180 meridian. 

But even more confusing are the zones through which the meridians 
pass. The determination of the exact boundaries for the vertical and 
the horizontal diameters is most indefinite and makes it difficult to com- 
pare statistical data. How near to 90 degrees should a zone lie to be 
included in the vertical meridian, and how close to 180 degrees should 


























Chart 7.—4, location of the meridians in eyes with hyperopic astigmatism 
in the fifth age period. Each X represents an eye. Note the almost even number 
of meridians in both diameters. B, location of the meridians in eyes with myopic 
astigmatism of the fifth age period. Note the difference in the myopia; in the 
largest number of eyes the meridians are in the vertical diameter. 


a zone lie to be a part of the horizontal meridian? Some ophthalmologic 
writers limit the zone to a few degrees on either side. Others extend 
the landmarks to 45 degrees on either side, and still others, by far the 
majority, confine the limits to 30 degrees on either side. They designate 
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all meridians between 60 and 120 degrees as vertical, those between 
30 and 150 degrees as horizontal and those from 30 to 60 and from 
120 to 150 degrees as oblique. 

In order to facilitate the comparison of data and to avoid confusion, 
simplified terms, such as astigmia rectus, astigmia inversus and astigmia 
medius, to take the place of with the rule, against the rule, and oblique, 
respectively, might be used. The boundaries of each landmark should 
be definitely fixed so as to extend 30 degrees on each side of 90 and 
180 degrees, allowing the intermediate space for astigmia medius. In 
other words, astigmia rectus is to extend between 60 and 120 degrees, 


: 


Chart 8.—Diagram showing the location of the different types of astigmatism, 
according to a simplified terminology. The area consisting of horizontal lines 
indicates astigmia inversus; the area of vertical lines, astigmia rectus, and the 
plain area, astigmia medius. 





astigmia inversus between 30 and 150 degrees, and the intermediary 
spaces, from 30 to 60 and from 120 to 150 degrees, are the areas of 
astigmia medius (chart 8). 


THE CRYSTALLINE LENS A STABILIZER OF VISION 


The change of the meridian that takes place in persons beyond mid- 
dle age is doubtless another result of the efforts which the crystalline 
lens puts forth to correct defects situated elsewhere in the eve and is 
due to the unique structure of the lens. Unlike the cornea, which is 
immobile and homogeneous, the lens is dynamic and heterogeneous. It 
is made up of several layers of unequal refractive power. The central 
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nuclear layers have @ higher index of refraction than the peripheral 
cortical ones. This structural arrangement, which tends to increase 
The con- 
verging effect is further enhanced by the fact that the various layers 
are not strictly concentric. The curvature of the outer layers is less 
than that of the inner ones, so that the central nucleus, in comparison 
with the other part of the cortex, is approximately spherical. 


the optical density, also increases the converging power. 


In con- 
sequence of this, each successive layer with its higher optical density 
and greater curvature increases the refractive power of the lens. 

By virtue of the complex structure and the delicate adjustment, the 
lens not only converges on the retina rays of light which were left 
unrefracted by the cornea, but also acts as a stabilizer of sight and 
plays many and varied roles in the faculty of vision.“* Its function 
is to correct anatomic and physiologic errors existing elsewhere in the 
visual organ—it offers the dioptric apparatus the increased refractive 
power to see clearly objects situated at different distances, corrects 
impairment of vision due to asymmetry of the cornea, diminishes optical 
errors of spherical and chromatic aberrations, reduces the amount of 
scattered light within the eyeball and helps balance the images of both 
eyes in cases of the phorias in which diplopia is threatened. But with 
all the refined adjustment the eye has many imperfections. “The reason 
for this,” as has been pointed out by Helmholtz, “lies in the construc- 
tion of the crystalline lens, the fibers of which are arranged around six 
divergent axes, so that the rays which we see around stars and other 
distant lights are images of the radiated structure of the lens; and the 
universality of this optical defect is proved by any figure with divergent 
rays being called star-shaped.” 

Secause of its complex structure and refined adjustment and its 
persistent demand on the ciliary muscle to correct errors in the eye in 
order to stabilize vision, the lens has a tendency to wear out earlier in 
life than any other part of the visual mechanism. Changes in form, 
size, transparency and index of refraction go on all through life. 


CHANGES IN THE CRYSTALLINE LENS 


The formation of a hard nucleus and hardening of the cortical sub- 
stance begins as early as at 20 years of age and go on through life. These 
changes increase the index of refraction and tend to change the meridian 
of astigmatism. The effect on vision would be myopic were it not for 


62. Take, for example, the eye of an infant: According to the shortness of 
the anteroposterior diameter of the eye, if this eye had the refractive power of 
the adult, it should be about 18 diopters hyperopic; but as a matter of fact it is 
almost emmetropic. The only logical explanation is that there is a sort of 
accommodation that compensates for the axial hyperopia. 
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the fact that these changes are counteracted by the flattening of the lens 
due to the shrinking of the nucleus. 

With the hardening process the lens becomes less able to accom- 
modate for near vision and to neutralize astigmatic errors. “To overcome 
this handicap, frequent changes in the correction have to be resorted to. 
But the mechanical correction does not always give satisfactory results. 
The hardening later in life may not be uniform in all the layers of the 
lens substance. At times the change in texture is unevenly distributed, 
and the variation produces an irregular astigmatism which is difficult 
to correct. 

The hardening of the lens assumes a critical state after 40 years of 
age. Two opposing forces present themselves: one, the lenticular 
sclerosis, with the tendency to myopia because of the high index of 
refraction; the other, the loss of elasticity of the lens that resists the 
efforts of the ciliary muscles to mold the lens for accommodative pur- 
poses, thus rendering it hyperopic, at least for near vision. The forces 
responsible for hyperopia are at this period stronger than those influenc- 
ing myopia, and the problem is usually solved by ordering a convex 
vlass and by correcting the change of astigmatism. 

While old age in the usual run of cases increases the amount of 
astigmatism and changes the meridian, in some cases there is a decrease 
caused by enlargement of the lens and ocular tension of old age that 
tends to straighten out corneal curves. This is true particularly of the 
short eye of the person with hyperopia. The experiments of Eissen on 
the eyes of rabbits have shown that increased intra-ocular pressure is 
followed by a change in the corneal curvature. I have also noticed 
many such changes in cases of glaucoma. Refractive changes in per- 
sons above middle age, irregular astigmatism and a rise in the index 
of refraction are presumptive evidence of incipient cataract. 
to Walther °* it is not necessarily a pathologic condition. ‘Everyone 
becomes cataractous,” said Walther, “if he doesn’t die prematurely.” 

In addition to the anatomic changes, there are also occupational or 
habit changes which might affect the lens and which are often responsible 
for changes in the amount and meridian of astigmatism. 


According 


Refractive changes in the lens occurring in patients with diabetes are 
well known, but changes in the lens have been observed in persons with 
metabolic disturbances which altered the amount and meridian of astig- 
matism in patients who were not hyperglycemic. Such a case was 
reported by Jensen “* in which a woman was reducing ; changes developed 


63. Walther, quoted by Oliver, Charles A., and Norris, William F.: System 
ot Diseases of the Eye, Philadelphia, D. Appleton & Company, 1897, vol. 4, p. 323. 


64. Jensen, V. A.: Transitory Non-Diabetic Hypermetropia in Patients on 
Reducing Diets, Acta ophth. 10:388, 1932. 
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in the lens on three different occasions which were apparently connected 
with the diminution of the carbohydrates in the diet. 

Dr. Felix Bernstein of the University of Gottingen, Germany, with 
the aid of a grant by the Rockefeller Foundation, at the biological labora- 
tory of Cold Spring Harbor, Long Island, has demonstrated that the 
expectancy of a person’s life can be gaged in an objective way by analyz- 
ing the changes in the elasticity of the lens of the eye. This change is 
manifest by the variation of the power of refraction and becomes 
apparent in most persons at the age of 45 or 50, when the hardening 
of the lens makes unavailable sufficient accommodation for reading. 
Data on 5,000 cases of presbyopia were gathered by himself and his 
assistants from the university clinics at Gottingen and Leipzig. Some 
of these tests, in which the subjects were followed until death, demon- 
strated that presbyopia is correlated with the duration of life in such a 
way that persons with presbyopia early in life die early and those with 
presbyopia late in life die late. 

In summing up, it might be stated that acuity of vision depends 
largely on the modification which the lens undergoes. Astigmatic refrac- 
tion changes in consequence of the alteration in the texture of the 
different layers of the lens and in the forces that control it. Thus it is 
that total astigmatism of the eye may diminish when the ciliary muscles 
are powerful enough to correct it by their unequal contraction and 
increase as the lens becomes incapable of correcting it. Total astig- 
matism may also be influenced by congenital inequality of the lens 
in its different meridians, by temporary tilting of the crystalline lens or 
by all these factors combined. It must always be borne in mind that the 
lens of the living eye is dynamic. It is not fixed in the zonula like 
the glass lens in the spectacle frame. 


SUMMARY AND CONCLUSIONS 


Corneal astigmatism is partly or fully neutralized by the action of 
the crystalline lens. This action is generally dynamic in nature but may 
be static, as when examination shows the presence of astigmatism in 
the absence of corneal asymmetry. 

Certain fibers of the ciliary muscle (Bowman’s muscle) are con- 
cerned in the lenticular changes. The crystalline lens through the efforts 
of the ciliary muscle may become uneven in shape or tilted, so as to 
enable it to counteract the corneal curvature. 


Weakness or paralysis of the ciliary muscle tends to increase the 
amount of astigmatism. 


Changes of astigmatism are in proportion to the amplitude of accom- 
modation. When accommodation is active, the corneal astigmatism will 
he less. When accommodation is passive, it will be more. 


Asthenopic symptoms are due to the efforts of the lens in trying 
to overcome corneal obstacles. 
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Normal acuity of vision in the presence of corneal astigmatism is 
brought about by strain of the ciliary muscle. This strain is always a 
source of annoyance to the patients. 

There is no fixed rule for the location of the meridian. It depends 
on the age of the patient. 

A change in the meridian follows alterations of the lens either as 
a result of age or because of accidental conditions. In cases of hyperopic 
astigmatism the axis tends to rotate from the vertical to the horizontal 
meridian with age, in cases of myopic astigmatism, from the horizontal 
to the vertical meridian. 

In eyes with a high degree of astigmatism the tendency is to the 
vertical meridian, in eyes with a low degree of astigmatism toward the 
horizontal meridian. 


Metabolic disturbances and occupational habits may change the 
meridian. 
The lens plays many roles in the faculty of vision and should be 


considered the stabilizer of sight. Its function is to correct optical errors 
existing elsewhere in the eye. 














OCULAR DOMINANCE 


ITS INDEPENDENCE OF RETINAL EVENTS 
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Functional asymmetry within the visual apparatus is well illustrated 
by the difference in the behavior of the two eyes during binocular 
activity. Thus, the dominant or master eye directs its visual axis to a 
point in space, while its fellow, the nondominant eye, consummiates the 
act of binocular central fixation by adjusting itself so that corresponding 
retinal points are stimulated. Moreover, Sheard! has pointed out that 
the triangle of binocular vision is not isoceles, as many suppose, but is, 
in reality, a right triangle, with its right angle at the nodal point of the 
dominant eye. It is true that these felationships do not hold under all 
conditions of visual stimulation. However, indications of the differen- 
tial role played by the two eyes are easily observed in changes in fixation 
involving appreciable variations in the degree of convergence, while the 
right triangulation is evident when the angle of convergence is relatively 
large. Hence, one eye may be considered to be the directing eye, while 
the other serves in a supporting or coordinating capacity. 

Several studies concerning these functional differences have been 
made. Dolman? discovered a significant relation between the degree 
of heterophoria and dominance, a greater amount of the defect being 
manifested when a Maddox rod was placed over the nondominant eye. 
Schoen and Scofield,* in measuring thresholds of diplopia, found no 
reliable differences between the values for the two eyes, although a trend 
favoring the nondominant eye was apparent. However, in the more 
critical test for speed of reestablishment of binocular single vision, the 
nondominant eye proved to be significantly superior. These results are 
probably best explained in terms of the part played by each eye in 


1. Sheard, C.: The Dominant or Sighting Eye, Am. J. Physiol. Optics 4: 
49, 1923. 

2. Dolman, P.: The Relation of the Sighting Eye to the Measurement of 
Heterophoria: A Preliminary Report, Am. J. Ophth. 3:258, 1920. 

3. Schoen, Z. J., and Scofield, C. F.: A Study of the Relative Neuromuscular 
Efficiency of the Dominant and Non-Dominant Eye in Binocular Vision, J. Gen. 
Psychol. 12:156, 1935. 
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binocular vision. Thus, it is to be expected that the coordinating eye 
is more efficient in the adjustment following the fixating movement of 
the other eye. 

So far, the discussion has centered around the motor aspects of 
ocular dominance. In addition, however, there exists an asymmetry 
which is clearly of a sensory nature. This sensory dominance manifests 
itself not in one but in many ways, and under different conditions of 
stimulation. It is easily observed in the conventional rivalry situation, 
especially when this is established by the simultaneous presentation of 
a different color to each eye. If the time is excluded during which a 
binocular mixture is obtained, one visual field tends to stay in conscious- 
ness longer than the other, even though the color factor is controlled by 
systematic reversal of the stimulating fields. The degree of this domi- 
nance may be expressed in terms of the difference between the percent- 
ages of time during which each field is dominant.* Hillemanns,® under 
similar conditions, noted that the color is more vivid and appears more 
quickly in the dominant eye. 

Verhoetf ° described stereograms with which it is possible to observe 
that (page 161) “. . . regardless of the usual ocular dominance, one 
eye is dominant for some places in the binocular field and the other eye 
for other places.” 

Evidence for still another type of sensory dominance has been found 
by Wallace.’ By stimulation of each macula with a small semicircular 
field, he caused the fields to appear stereoscopically as a bisected circle, 
the components of which nevertheless impinged on noncorresponding 
points. In this situation an intense conflict is apparently set up, with 
alternate disappearance and reappearance of each field. However, it was 
found that one of the fields exhibits a strong tendency to remain visible 
at the expense of the other, disappearing with less frequency and 
remaining invisible for shorter periods. This effect of dominance may 
be controlled or reversed by gross changes in the relations of brightness. 
Recently Sheard,® in a report of the results of his research on tolerance 


4. Washburn, M. F.; Faison, C., and Scott, R.: A Comparison Between 
the Miles A-B-C Method and Retinal Rivalry as Tests of Ocular Dominance, 
Am. J. Psychol. 46:633, 1934. 

5. Hillemanns, M.: Die funktionelle Asymmetrie der Augen: Die Vorherr- 
schaft eines derselben und die binokulare Richtungslokalization, Klin. Monatsbl. f. 
Augenh. 79:737, 1927. 


6. Verhoeff, F. H.: A New Theory of Binocular Vision, Arch. Ophth. 13: 
151 (Feb.) 1935. 

7. Wallace, S. R., Jr.: Description of Interactional Phenomena in Binocular 
con read before the Southern Society for Philosophy and Psychology, April 10, 
936. 

8. Sheard, C.: Measurements on the Tolerance to Light in Non-Photophobic 
Individuals and in Certain Pathological Conditions, read at the Annual Meeting 
ot the Optical Society of America, Philadelphia, October 1935. 
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to light, emphasized the fact that glare-out values are appreciably lower 
for the left than for the right eye. 

Here, then, are four types of what may be considered to be sensory 
asymmetry within the visual apparatus. Undoubtedly, other kinds exist. 
Probably all are aspects of a common dominance mechanism, the nature 
of which is not clearly understood. These phenomena may reflect shifts 
in cortical equilibriums which are strongly biased in one direction, sub- 
cortical shifts of the same type, retinal inequalities or any possible 
combination of the three. Therefore, it is vital to determine the specific 
role of each of these centers in the production of such phenomena. 


Obviously, the first step, both from the logical and from the practical, 


standpoint, is an investigation of the possibilities offered by the retina. 


This, then, was our concern in the research to be reported in this paper. 


In attacking this problem the first requirement, necessarily, is a 
method for measuring retinal events in isolation. There is demanded, 
then, a measure which reflects retinal occurrences to the exclusion of 
effects which arise from any of the higher nerve centers. In order to 
be certain that a particular method insures such a measure, this method 
must satisfy certain rather stringent requirements. Briefly stated, the 
criteria are as follows: First, the method should give results with 
the excised eye; second, corresponding phenomena should be demon- 
strable in the retinal potential, and third, the results obtained with the 
excised eye and the retinal potential should give some indication of rela- 
tionship to the results reported for human subjects. 

Fortunately, such a method is both available and recognized in visual 
research. It consists in presenting alternate and equal light and dark 
phases to the observer and measuring the speed of alternation or flicker 
at which the light just appears steady. This point is taken as a measure 
of sensitivity, it being assumed that a higher flicker frequency is necessi- 
tated in order to give a continuous sensation to a sensitive eye than 
that needed for a less sensitive eye. That the measurements gained are 
really indexes of retinal events is shown by the work of Adrian and 
Matthews,® who demonstrated that intermittent stimulation with light 
of the excised eye of the eel gives rise to a synchronous nervous dis- 
charge, which is followed, at a certain rate of flicker, by an asyn- 
chronous or continuous discharge. The point at which this occurs is 
higher as the intensity of the light stimulus or the area of stimulation 
is increased, an effect wholly in accord with the findings of experi- 
menters on the points of fusion for human subjects.?° It appears, there- 


9. Adrian, E. D., and Matthews, R.: The Action of Light on the Eye: III. 
The Interaction of Retinal Neurones, J. Physiol. 65:273, 1928. 
10. Granit, R., and Harper, P.: Comparative Studies on the Peripheral and 


Central Retina: III. Synaptic Reactions in the Eye, Am. J. Physiol. 95:21], 
1930. 
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iore, that the effects in the two situations are controlled by the same 
factors. Since they have been demonstrated in the excised eye and in 
the retinal potential, one can conclude only that they are of true 
retinal origin. 

Caution must be employed, however, to the extent of maintaining 
the field at its simplest level of configuration. Smith ** and Vernon *° 
have questioned the concept that flicker has a purely retinal origin, and 
Vernon concluded that (page 372) “the flicker threshold is a phenome- 
non which is determined purely by rate and brightness only when it 
occurs in a plain, unfigured, monocular field; with more complex fields 
it is subject to a number of variations which are not governed by purely 
quantitative laws.” Obviously, if configurational factors are operative 
the higher centers are involved. Unfortunately, neither Smith nor 
Vernon employed pupillary controls in their experiments, and Fry and 
Robertson 7° have shown that some configurational factors, at any rate, 
disappear when an artificial pupil or a mydriatic is employed. It is 
probable, then, that all such effects are to be attributed to insufficient 
controls. Nevertheless, configurations should be ruled out as much as 
possible, save for the necessary aids to fixation. With such controls, 


one may safely state that the measurements gained are truly reflections 
of retinal sensitivity. 


METHOD OF INVESTIGATION 


The apparatus employed is indicated in the accompanying illustration.14¢ A is a 
1,000 watt lamp, the light from which passes through two convex lenses, B and 
C, and after passing through a Wratten neutral tint filter, E, is brought to a 
iocus on the disk, F. F is divided into four open and four closed sectors having 
equal angles (45 degrees) and is rotated by M, a shunt-wound, 110 volt, direct 
current motor. The speed of the motor and thereby the speed of flicker can 
be controlled delicately and with great accuracy by means of the parallel resistor, 
a 100 ohm potentiometer in the field-coil circuit, and a series resistor, a 100 ohm 
rheostat in the armature circuit. The latter functioned as a vernier and was 
varied by the observer, K. Fairly gross changes in the speed of the motor could 
be made by an experimenter by variation of the potentiometer. 

When the light passed through an open sector it was transmitted through a 
ground opal glass screen, G, which completely filled a circular opening in /, a 
square of bakelite which had been smoked with magnesium oxide. This square 
was mounted on an opaque shield, H, which served to remove stray rays of 





11. Smith, F. O.: An Investigation of Factors Influencing the Visibility of 
Flicker Under Conditions of Monocular Stimulation, Brit. J. Psychol. 24:199, 1933. 

12. Vernon, M. D.: The Binocular Perception of Flicker, Brit. J. Psychol. 
24:351, 1934. 

13. Fry, G. A., and Robertson, V. M.: Alleged Effects of Figure-Ground Upon 
Hue and Brilliance, Am. J. Psychol. 47:424, 1935. 

14. Dr. F. A. Geldard and Dr. R. C. Wingfield designed the major portion of 


the apparatus, and Dr. C. B. Finley, Mr. R. T. Sollenberger and Mr. C. S. 
Gersoni aided in its construction. 
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light. The observer saw the field through a telescope, J, which had a magnifying 
power of seven. A small aperture, L, in the eyepiece, serving as an artificial 
pupil, had a diameter of 2.75 mm., a value determined for the diameter of the 
pupil, as computed on the basis of the data of Luckiesh and Moss?!5 according 
to the principles outlined by Troland.'® Light from a 100 watt, alternating current 
projection system, D, was reflected from / and thus served as a surrounding steady 
field, guaranteeing constancy of facilitatory effects.17 A front view of both the 
test field and the surrounding field is given at S. 

Measurement of the speed of flicker could be made rapidly and accurately at 
any specified time. This was accomplished by the use of a stroboscopic pattern 
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A schematic diagram of the apparatus. 


on the disk, which was illuminated by a neon bulb, N. This bulb was activated 
by a beat frequency oscillator, P, with a variable condenser, O, an attenuator, Q, 
and an amplifier, R. The stroboscopic pattern was so constructed that the num- 
ber of flashes per second multiplied by 10 could be read directly from the dial 


15. Luckiesh, M., and Moss, F. K.: Area and Brightness of Stimulus Related 
to Pupillary Light Reflex, J. Optic. Soc. America 24:130, 1934. 

16. Troland, L. T.: Theory and Practice of the Artificial Pupil, Psychol. Rev. 
22:167, 1915. 

17. Martin, L. C.: The Photometric Matching Field, Proc. Roy. Soc., London 
104A :302, 1923. 
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of the condenser. Calibration of the oscillator was checked at the western 
the middle and at the end of each series of readings. 

Illumination of the test field with an apparently steady source was held con- 
stant at 15.98 millilamberts, and the lighting of the surrounding field at 5.05 
muillilamberts, as measured by the Macbeth illuminometer. The test field stimu- 
lated a retinal area subtending a visual angle of 4 degrees. The remainder of 
the field, 5.2 degrees, was completely filled by the surrounding steady illumination. 
Fixation was maintained at the intersection of two fine cross-hairs, which appeared 
in the center of the test field. 

Readings were taken on eight subjects, five of whom were informed as to 
the nature of the problem and also were practiced in this type of observation. The 
other three were ignorant of the purpose of the research and were unpracticed. 
There was one female in each group, and all the observers were less than 30 years 
of age. Each subject was examined for differences of refraction between the two 
eyes, and none was used in whom the difference exceeded 0.5 diopter. Determi- 
nation of ocular dominance by the Miles V-scope method and the Mills conver- 
gence technic was made at the end of the experimental period. In all cases the 
results of these tests were in accord. 

The same procedure was followed with each subject. After it had been proved 
that the refraction was satisfactory, the subject was instructed to place his eye 
as close as possible to the eyepiece of the telescope. He was then shown the 
flickering field and allowed to bring about fusion by changing the setting of the 
rheostat. After a few determinations he was cautioned to make his setting at 
the point where the flicker just disappeared, and the importance of maintaining 
the same criterion was impressed on him. It was also recommended that the 
settings should be made as rapidly as was feasible, since higher reliability seems 
to accompany rapidity of setting. 

The experimental period then began. The observer was instructed to begin 
with the right eye, and constancy of adaptation was gained by having him fixate 
on the field for ninety seconds while the frequency of flicker remained above his 
point of fusion. At the end of the period of adaptation the speed of flicker was 
decreased well below the fusion point, and the observer made five determinations. 
At the end of each trial an experimenter varied the oscillator, produced the 
stationary straboscopic pattern and recorded the rate of flicker. During all 
the readings, another experimenter made minor variations on the potentiometer, 
thus insuring against habits of position on the part of the observer. 

Thirty readings were taken with each eye in series of five and in such an 
order as to equalize all possible effects of fatigue or practice. Every series of 
five was preceded by the period of adaptation. In the case of observers S 
and H additional readings were taken, since the critical ratios first obtained, 
while not significant, were, nevertheless, high enough to be equivocal. In the 
case of S fifteen additional readings with each eye were taken, and for H, 
ten additional readings. All the readings for each observer were taken at one 
sitting except in the two cases in which additional readings were necessary. The 


first five readings with each eye were regarded as practice readings and were 
not included in the tabulation of the results. 


COMMENT 


The results as presented in the table are consistent and unequivocal. 
In no case did the ratio of the difference to the standard deviation of 
the difference exceed 1.7, while the average value was 0.78. (The ratio 
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of 2.7 is generally accepted as the indication of reliability.) That this 
unreliability of the differences is not due to inaccuracy of measurement 
is indicated by the fact that the standard deviations of the average 
values never exceeded 0.6 and averaged 0.22. It is significant that the 
critical ratio dropped from 2.3 to 1.7 for observer S and from 2.4 to 
0.95 for observer H, although the standard deviations of the differences 
remained practically constant for both. The conclusion that any dif- 
ferences found may be ascribed to chance, and to chance alone, seems 
inescapable. Certainly, any attempt to relate the data to findings for 
dominance seems doomed to failure, since in the minor differences which 
occurred, higher average readings were given in more instances for the 
unpreferred eye than for the preferred eye. 


Data on the Measurement of Adaptation to the Speed of Flicker of the Two 
Eyes for Eight Subjects 





Average Average Standard 

Values for Values for Deviation of 

Right Eye, Left Eye, Difference of 

Number of Number of Values 

Preferred Number of Flashes Flashes for Two Critical 
Observer Eye Readings per Sec. per See. Eyes Ratio 

H Right 70 34.53 34.13 +0.294 0.95 
Ss Right 80 41.37 40.67 +0.741 1.70 
G Right ”~ 39.80 40.36 +0.431 1.30 
Ww Right 50 37.75 37.82 +0.240 0.33 
So Left DO 37.82 37.73 +0.176 0.51 
L Right ) 37.16 37.21 +0.161 0.31 
B Right DO 40.14 40.41 +0.302 0.89 
M Right 00 36.84 37.09 +().200 1.25 








Wide individual differences in points of fusion were found, as shown 
in the table. This is an old, if unexplained, phenomenon. Important to 
this study is the fact that readings for each individual observer were 
marked by a high degree of reliability and that no difference between 


the preferred and the unpreferred eye even approaching reliability was 
found for any subject. 


It is evident, then, that one of the factors suggested in the dominance 
mechanism is now eliminated. Only two are left, both of which must. 
of necessity, involve a certain degree of complexity of binocular inter- 
action. It is indicated, therefore, that dominance, as such, cannot be 
explained in simple terms but must be recognized as an effect which 
is probably the resultant of a great many factors involving a type of 
equilibrium. The nature and cause of the shifts in this equilibrium, 
as well as the differential aspects of these shifts, must remain subjects 
of hypothesis alone. Further indications may be gained when it is dis- 


covered whether the cortex, an intermediate center or both are involved. 
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SUMMARY 


Ocular dominance is discussed, and its appearance in different forms 
and under different conditions is described. 

An experiment is reported in which the flicker technic was applied 
in order to ascertain what role, if any, is played by the retina in the 
phenomena of dominance. 

Results are presented which clearly indicate that retinal events are 
unrelated to ocular asymmetry. 

Certain theoretical implications of the elimination of the retina from 
a role in the effects of dominance are discussed. It is recognized that 
dominance must now be considered to be a complex dynamic inter- 
actional process. 


Psychological Laboratory, University of Virginia. 
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Clinical Notes 


MOUNTING FOR THE WORTH-BLACK AMBLYOSCOPE 
Guy A. Hunt, M.D., Butter, Pa. 


Most ophthalmologists agree that the best apparatus to use in the 
early stages of fusion training for persons with concomitant squint is 
the Worth-Black amblyoscope or the synoptophore, which is in principle 
an amblyoscope. The synoptophore has only two advantages over the 
original amblyoscope: (1) It is mounted and (2) the corneal reflex 
is more visible with this instrument than with the amblyoscope. The 

















Photograph of Worth-Black amblyoscope with mounting and card ejectors. 


first advantage is important, but the second is of little practical impor- 
tance. The disadvantage of the synoptophore lies in the high cost of 
both the apparatus and the slides. Many ophthalmologists feel that they 
cannot afford to purchase high-priced apparatus for fusion training, 
especially if lower-priced apparatus will give as good results. In such 
cases and also for use in the home, the Worth amblyoscope is the only 
alternative. Bearing that in mind, I have devised a mounting and card 
ejectors for the original Worth-Black amblyoscope which make its 
usefulness compare favorably with that of any other apparatus for the 
first steps in fusion training. 

The photograph of the entire apparatus is shown here. The mount- 
ing is adjustable for various heights. The main supporting rod is bent 


Submitted for publication, March 4, 1936. 
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so as to give the desired angling down of the amblyoscope tubes. On 
account of the movement of the amblyoscope tubes in an inclined plane, 
handles (made of aluminum) are constructed so as to telescope into 
steel rods, and universal joints are constructed for the handles where 
they are attached to the brackets applied to the distal ends of the ambly- 
oscope tubes and for the steel rods in the base of the mounting. A 
second supporting rod is inserted in the base of the mounting, over 
which is fitted an adjustable telescoping tube that supports arms to which 
coil springs are attached above; these springs extend to the brackets on 
the distal ends of the amblyoscope tubes. With a little adjustment the 
amblyoscope is suspended so as to be easily movable by a small child. 
The card ejectors consist of brass plates slotted to fit over a central pin 
and supported on each side by a pin or a’plug of metal. 

The mounting is made and adjusted to the amblyoscope by G. W. 
Klages & Son, Inc., 2230-2232 Koerner Avenue, N. S., Pittsburgh. 

Only a limited number of celluloid cards are supplied when the 
amblyoscope is purchased. Additional cards may be obtained at low 
cost from the Hamblin Company of London. 

















Ophthalmologic Review 


Epirep By Dr. Francis HEED ADLER 


KERATOCONUS 


ALFRED APPELBAUM, M.D. 
NEW YORK 


This paper deals with a type of alteration in the curvature of the 
cornea which has concerned practitioners of medicine for the past two 
hundred years. The earliest mention of the condition found by Fox ' 
is that contained in the dissertation, entitled “Staphyloma diaphanum,” 
published by Mauchart at Tubingen, Germany, in 1748. Demours, of 
Paris, was said to have reported a case one year earlier, while Scarpa 
described one in 1802. Pickford, of Dublin, reported a case in 1843. 

From the wide range of names by which this condition was known 
to individual observers, it is evident that obscurity cloaked the nature 
of keratoconus. Attempts were made to name it in a manner which 
would suggest the etiology or the pathologic characteristics. The most 
common designations were conical cornea, hyperkeratosis, staphyloma 
pellucidum conicum, conical hydrophthalmia and even anterior myopia. 
Nottingham, of Liverpool, was the first properly to describe kerato- 
conus and distinguish it from staphyloma, in a report entitled “Practical 
Observations on Conical Cornea,” published in London in 1854. 

Essentially, keratoconus is a stretching or yielding of the cornea 
resulting from an obscure dystrophic influence during a period of impair- 
ment of nutrition. It is therefore classified as a noninflammatory ectasia 
of the cornea. The influences which produce it show the maximum 
effect of the assault in the portion of the avascular cornea which is 
thinnest and farthest removed from the vascular limbus, i. e., the center. 
This area bulges forward, without warning, in the presence of a normal 
or even subnormal intra-ocular tension, which usually prevails. Evi- 
dently, failure in the postnasal toughening process of the cornea permits 
this. Salzmann? suggested that keratoconus is a disturbance in the 
development of growth, like the stretching of the posterior pole associ- 
ated with myopia. 

ETIOLOGY 

While the mechanism .of the creation of this condition is fairly clear 

and generally accepted, it must be stated that the true cause of kerato- 


1. Fox, L. W.: Tr. Ophth. Soc. U. Kingdom 45:92, 1925. 
2. Salzmann, M.: Arch. f. Ophth. 67:1, 1907. 
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conus remains a mystery. The disease is not uncommon in this country. 
ox} found it to be rare among the North American Indians. He 
observed only 2 cases in over 4,000 Indian children examined in the 
United States and no suggestion of the condition in any of the more 
than 500 Alaskan Indians whom he examined. His belief that conical 
cornea occurs with greatest frequency in Asia among the Mongolians, 
especially the Chinese, was challenged by Luo,’ of Peiping, who insisted 
that at least in this part of China keratoconus is rare. 

That the disease is congenital is a belief entertained by some inves- 
tigators who have observed it either in association with other congenital 
defects or in early life. Pagenstecher * found other congenital distur- 
hances in 11 cases. Jaensch*® expressed the belief that if the disease 
is congenital and is transmitted in the germ plasm the inheritance of a 
predisposition alone can be assumed to be a factor, as is true of myopia. 
l‘ox ' mentioned that Wardrop observed a case of keratoconus in a boy 
of 8 years, in which he assumed that the condition was congenital, while 
Ammon encountered several sisters in whom the condition existed from 
birth. On the other hand, Cooper was cited as having never seen a 
case in which he could state that the disease was congenital, and he 
expressed the belief that excessive weeping is a cause, with which Mac- 
kenzie agreed. The progressive character, nevertheless, limits the 
possibility of keratoconus being congenital. 

The theory of heredity as a factor in the etiology of keratoconus 
has also found support, although it may apply only to the deficiency 
in the structure of the cornea, which sometimes is hereditary. Stahli ° 
reported a number of cases in which keratoconus appeared as a familial 
and hereditary condition. Abelsdorff* traced the family histories of a 
number of patients between the ages of 15 and 25 years and found 
instances of familial keratoconus. However, these persons were all 
living in Bogota, Columbia, which is situated 2,600 meters above sea- 
level, where keratoconus is ordinarily rather common. In none of 
these cases could he find Fleischer’s ring, which will be described later 
in the paper. Sander ® reported on a family in which conical cornea 
occurred associated with anterior polar cataract. 

Crisp ® described a case in which the condition resulted from trauma. 
More recently, Richter 1° reported a case of keratoconus and the for- 


. Luo, T. H.: Chinese M. J. 48:869, 1934. 

. Pagenstecher, H. E.: Arch. f. Ophth. 74:330, 1910. 

. Jaensch, R. A.: Zentralbl. f. d. ges. Ophth. 21:305 (April) 1929. 

. Stahli, J.: Klin. Monatsbl. f. Augenh. 75:465, 1925. 

. Abelsdorff, G.: Heredity in Keratoconus, Arch. f. Augenh. 103:293, 1930. 
. Sander, P.: Brit. J. Ophth. 15:23, 1931. 

9. Crisp, H. W.: Am. J. Ophth. 2:157, 1919. 

10. Richter, P.: Klin. Monatsbl. f. Augenh. (supp.) 78:183, 1927. 
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mation of holes in the macula following an injury at birth. Mackenzie 
and Nottingham also entertained the belief that trauma is an important 
etiologic factor. Indirect trauma, such as the tension exerted on the 
bulbus oculi by the extra-ocular muscles, and eyestrain, with its accom- 
panying severe and long continued spasm in accommodation, may be 
factors in the development of protrusion in a weakened, undeveloped 
or poorly nourished cornea. 

The occurrence of keratoconus in association with a variety of other 
conditions has prompted some observers to suggest that the associated 
condition is a probable etiologic factor. Gonzalez** reported several 
cases in which keratoconus followed tropical spring catarrh. He 
expressed the belief that the circumcorneal vegetations occurring in 
the latter disease exert a deleterious influence on the nutrition of the 
cornea so as to diminish its resistance and cause protrusion. Gennaro ** 
pointed out a relationship between the same conditions in the 2 cases 
he reported. Wray ** observed keratoconus in a patient with Raynaud's 
disease. Attiah and Sobhy 74 found the condition in a patient with blue 
sclerotics, while Dessoff }° reported a case of a similar coincidence in 
an eye which also presented kerato-iritis and megalocornea. Ellis *® 
observed that women who have keratoconus are chronic sufferers from 
menstrual disturbances, such as dysmenorrhea and menorrhagia, and 
that they are also subject to dystocia and puerperal hemorrhage. He 
could offer no explanation for these observations other than clinical 
experience. However, the greater prevalence of keratoconus in females 
and its incipiency usually about puberty point strongly to menstrual 
disorders as at least one significant factor in the causation of kerato- 
conus in women. 

Torok and Redway ** expressed the belief that they had discovered 
a clue on which to construct a logical theory as to the etiology of 
conical cornea. Exhaustive clinical examinations, careful search of 
the family history and minute inquiry into the personal history were 
made in three cases. Since there were no significant revelations other 
than roentgenographic evidence of areas of apparent lack of calcifica- 
tion of the skull and a low basal metabolic rate, they undertook the 


11. Gonzalez, J. de J.: Am. J. Ophth. 3:127, 1920. 

12. Gennaro, G.: Gior. di med. mil. 76:464, 1928. 

13. Wray, C.: Proc. Roy. Soc. Med. (Sect. Ophth.) 8:97, 1914-1915. 

14. Attiah, M. A. H., and Sobhy Bey, M.: Bull. Ophth. Soc. Egypt 24:67, 1931. 


15. Dessoff, J.: Blue Sclerotics, Fragile Bones and Deafness, Arch. Ophth. 
12:60 (July) 1934. 


16. Ellis, J. W.: Texas State J. Med. 20:327, 1924. - 


17. Torok, E., and Redway, L. D.: Arch. Ophth. 57:19 (Jan.) 1928; Three 
Cases of Keratoconus: Final Report, Arch. Ophth. 4:348 (Sept.) 1930. 
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further investigation of the calcium metabolism. Bony changes in the 
skull had never been reported before this time. Ten other cases of 
keratoconus were included in the investigation in 2 of which the con- 
dition was incipient, in 6 well advanced and in 2 actively progressing. 
In only 3 of these 10 cases were there areas of apparent deficient calcifi- 
cation of the skull. 

The determinations of the calcium metabolism were made in two 
series, the first while the patients were receiving no treatment and the 
basal metabolic rates were low and the second while the patients were 
fed desiccated thyroid gland and the metabolic rates were increased to 
normal levels or above. In neither series, however, irrespective of the 
age, sex or stage of the disease, was any variation from the normal 
limits noted in the calcium metabolism. The authors concluded, there- 
fore, that no relationship exists between the calcium metabolism and 
keratoconus. The imperfections in calcification of the skull in 6 of 
the thirteen cases were apparently coincidental findings. This con- 
clusion was further supported by the findings of Sitchevska,'* who 
studied 6 cases of keratoconus, 3 in men and 3 in women, the ages of 
the patients varying from 21 to 35. The calcium content of the blood 
was normal in all the cases, and in none were rarefactions of the cranial 
bones shown on roentgen examination. In Knapp’s *° 6 cases, 5 of which 
occurred in women and 1 in a man, the ages of the patients ranging 
from 26 to 59, practically normal values for calcium (from 9 to 11 
per cent) were shown, and roentgen examination of the cranial bones 
in 2 cases gave negative results. 

Because keratoconus occurs more often during youth and early 
adolescence in poorly nourished, anemic girls who present signs and 
symptoms associated with hypothyroidism, the condition has often been 
regarded as part of a hypothyroidism complex. Siegrist °° in 1912 first 
suggested this hypothesis. Nevertheless, he expressed the belief that 
hypothyroidism alone cannot produce keratoconus and that other glands 
must be involved. The frequent occurrence of nodes in the thyroid 
has been observed by several investigators. 

Nervous disturbances, dryness of skin, increased sweating, brittle- 
ness of the nails, loss of hair and hypertrichosis are the commonly 
observed manifestations of hypothyroidism. Sitchevska found some of 
these signs in most of the 6 cases in which the basal metabolic rate was 
normal and no disturbance of the sympathetic nervous system was noted. 
In Knapp’s 6 cases mild thyroid deficiency, low blood pressure and a 


18. Sitchevska, O.: Am. J. Ophth. 15:1028 (Nov.) 1932. 


19. Knapp, Arnold: Keratoconus: Etiology and Treatment, Arch. Ophth. 2: 
658 (Dec.) 1929. 


20. Siegrist, A.: Ber. ii. d. Versamml. d. deutsch. ophth. Gesellsch. 38:18, 1912. 
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low normal basal metabolic rate were shown. Von Hippel?! and 
Schnaudigel ** expressed the belief that the thymus is most involved, 
though the symptoms of dysfunction of this gland are not understood. 
In 1 of Sitchevska’s cases hypofunction of both the thymus and the 
thyroid gland was shown. 

Whatever the real etiology of keratoconus may be, it is a common 
observation that persons afflicted with the disease are rarely in robust 
health. Since the cornea is avascular, it would naturally suffer greatly 
from lowered general nutrition. This finds support as a potent pre- 
disposing factor in the observation that in most cases the condition is 
bilateral. Jackson ** found bilateral involvement in 38 of 40 cases. 
He observed that keratoconus follows anemia, measles, scarlet fever, 
typhoid and other acute infections. From this one concludes that the 
condition must arise from the inability of the cornea to withstand the 
normal intra-ocular pressure at a time when toxins of an infectious 
disease have impaired its nutrition and the power to resist pressure. 

Besides the fairly constant anemia, pronounced lymphocytosis and 
increased coagulability of the blood are often found. In Knapp’s 6 
cases lymphocytosis, with a count of from 30 to 45 per cent, and normal 
blood chemistry were shown. Barkan ** found a marked increase in 
the number of eosinophils. This finding, common to keratoconus and 
vernal catarrh, may serve to throw light on the reported association of 
the two conditions and their relationship. 


PATHOLOGIC CHARACTERISTICS 


Thinning and softening of the central portion of the cornea bring 
about the essential microscopic changes. Von Graefe in 1868 pointed 
to a “primary genuine atrophy” of the central portion of the corneal 
stroma. It may be reduced from one half to one fifth of the normal 
thickness. The resulting changes noted with the slit lamp have been 
so uniform that Von Der Heydt *° considered them pathognomonic of 
keratoconus. At various periods the following characteristic alterations 
in the cornea may be noted with magnification under focal illumination: 


1. Endothelial Cup.—This reflex of the central portion of the cornea 
is one of the earliest signs of incipient keratoconus. This little bead of 
light is especially luminous when the parenchyma at the apex of the 
cone is still translucent. It is an endothelial reflex, which is constantly 


21. von Hippel, E.: Klin. Monatsbl. f. Augenh. 51:273, 1913. 
22. Schnaudigel, O.: Klin. Monatsbl. f. Augenh. 69:466, 1922. 


23. Jackson, E.: Conical Cornea, or Anterior Myopia, J. A. M. A. 69:793 
(Sept. 8) 1917. 


24. Barkan, H.: S. Clin. North America 3:731, 1923. 
25. Von Der Heydt, R.: Tr. Am. Ophth. Soc. 28:352, 1930. 
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present and is due to the increased concavity of the posterior surface 
of the cornea at the very peak of the cone. The individual hexagonal 
cells are seen distinctly with a linear magnification of 6 if the parenchyma 
of the cornea anterior to the cells is still sufficiently transparent. The 
design may be somewhat irregular because of distortion and the develop- 
ment of additional cells. It is indistinct if the parenchyma of the cornea 
anterior to it is opaque. 

2. Fleischer’s Ring Associated with Keratoconus—A quite con- 
stantly noted and often incomplete annular line was first described by 
Fleischer 7° in 1906. It is found in the early stages and is due to the 
flattening of the contour of the more peripheral portion of the cornea 
in the region of the base of the cone. This flattening manifests itself 
as an annular line in Bowman’s membrane and the adjacent epithelium. 
If it is old, Fleischer’s ring may be pigmented. The olive-green or 
yellow pigment is believed to be the result of localized stasis of hemo- 
siderin derived from the vasculature of the limbus. 

3. Vogt’s Stripes Associated with Keratoconus.—Grayish parallel 
stripes are commonly found within the parenchyma of the cornea and 
are most often vertical. Although observed by Elschnig in 1894, the 
condition was first fully described by Vogt. These changes are char- 
acteristic of keratoconus and are, no doubt, due to stretching of the 
deeper lamellae of the cornea. The elastic fibers observed by See- 
felder ** and Rados?** anterior to Descemet’s membrane, which con- 
stitute the ‘‘lamina elastica corneae,” are believed to be the fibers involved 
in the genesis of this phenomenon. 

4. Irregular Superficial Linear Scars on the Apex of the Cornea.— 
Such scars are a common finding in more advanced stages. When the 
amount of involvement is considerable, the vision cannot be much 
improved by any means. According to Salzmann? and Fuchs the 
pathologic change consists of linear ruptures in Bowman’s membrane, 
which are filled with a fibrillar network of connective tissue. 

5. Ruptures in Descemet’s Membrane.—These changes are often 
observed, but in advanced stages only. They do not differ in any way 
from the usual appearance of such ruptures, and they allow the passage 
of aqueous into the substance of the cornea. At the apex they are 
responsible for the deeper opacities. 

6. Distinctness of the Nerve Fibers.—This condition is not always 
noted. When it is present the fibers form a network of gray lines with 
fine white dots. 


There is no formation of new vessels in the cornea in keratoconus. 





26. Fleischer, B.: Miinchen. med. Wchnschr. 58:625, 1906. 
27. Seefelder, R.: Arch. f. Ophth. 78:188, 1910. 
28. Rados, A.: Arch. f. Augenh. 73:279, 1913. 
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SYMPTOMATOLOGY 

The patient is apprised of the impending condition at a definite 
period of life. The texture of the cornea in young persons is more 
spongy than that in adults. The cornea is most convex in the early 
periods of life and acquires the greatest degree of convexity about 
puberty. This may serve to explain the fairly constant incidence of 
keratoconus in youth and early adolescence. Rarely, if ever, does the 
condition commence after maturity, most cases occurring in girls 
between the ages of 10 and 16 years. The more advanced manifesta- 
tions, however, may be delayed several years. This accounts for the 
later age incidence given by some authors. Keratoconus usually involves 
both eyes but may be far more advanced in the eye which was initially 
affected. When it involves one eye it is usually of slight degree. 

The onset is gradual. Keratoconus progresses slowly like pathologic 
myopia and may, in any degree, become stationary, either permanently 
or temporarily, and then undergo rapid increase. Occasionally improved 
health and the limited use of the eyes may bring about cessation of its 
progress. It is more usual, however, for the condition to continue and 
reach the maximum protrusion four or five years after disturbance in 
vision first becomes a problem to the patient. When the disease is 
arrested there is already a fully developed cone in most cases. 

Pain is absent. Because the apex of the developing cone does not 
come exactly in front of the moderately contracted pupil, the patient 
must necessarily look through the side of the cone. Rays of light 
must undergo excessive refraction on transmission through this portion 
of the cornea. Thus, the person who formerly enjoyed normal visual 
acuity becomes aware of the condition which threatens him by the grad- 
ual onset of blurring of distant objects. This is enhanced by the rapidly 
increasing astigmatism. The visual acuity decreases slowly and may 
become as low as from one twentieth to one fiftieth of normal vision 
in a few years. 

The development of keratoconus differs from progressive myopia 
only in the respect that the error of refraction in the former disease 
cannot be satisfactorily corrected with the ordinary spheres and cylin- 
ders, owing to the hyperbolic nature of the cornea. With such lenses 
visual improvement is only slight, while distortion of objects remains. 
Like a myope, the patient partially closes his eyes to overcome as far 
as possible the disadvantageous curvatures of the cornea. This proc- 
ess not only narrows the circles of diffusion but alters to a small 
extent the curvature of the thin and softened conical cornea, as a result 
of which slight vascular injection follows. In order to read small type 
it becomes necessary to bring the print to within a few inches of the 
eye. Orientation becomes difficult. Photophobia is frequently present. 
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Monocular polyopia or multiplicity of images, due to the inequalities 
in the curvature of the cornea, is often complained of. Sir David 
Brewster, of London, was the first to note this symptom in 1819. Infre- 
quently, a patient with keratoconus complains of subjectively apparent 
pulsation of the objects at which he looks. This is due to the synchro- 
nous pulsation of the apex of the cornea and the arterial pulse, and it 
can be demonstrated with the Schidtz tonometer. Parsons *” referred 
to this curiosity, while Gullstrand *° reported a case in which it was 
present, 

Acute ectasia or acute keratoconus may appear as a complication 
in a case in which the disease has developed. Such an event is the result 
of spontaneous rupture of Descemet’s membrane and its endothelial 
lining. The aqueous passes into the parenchyma of the cornea, causing 
it to swell and become cloudy. In a short time the already conical 
cornea rapidly bulges to a greater degree. In the stage of subsidence, 
which shortly follows, the endothelium regenerates to cover the rents, 
and the cornea gradually regains its original conical appearance. 

The literature of the past thirty years contains many references to 
acute ectasia. In 1906 Terrien *' reported practically the first case on 
record. In 1908 Rabinovich ** reported another case of acute transitory 
ectasia. In 1911 Cooke ** presented before the Royal Ophthalmic 
Society a similar case in which he treated the condition by excision ot 
an elliptic portion of the protrusion. In 1924 Reid ** presented before 
the same society a case of conical cornea in which the disease assumed 
a malignant course and extensive opacification and bulging of the cornea 
followed a mild infection of the conjunctiva. In 1929 Rollet ** reported 
in greater detail a case of acute ectasia in which treatment consisted 
of sclerectomy, and Cairns, Goulden and others *® described a case of 
keratoconus with descemetocele. In 1934 Berner ** reported a case 
of bilateral conical cornea complicated by unilateral acute ectasia in a 
girl, in which improvement took place after paracentesis. 








29. Parsons, John Herbert: Diseases of the Eye, ed. 7, New York, The Mac- 
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Qn the other hand, 1 may add that there is no true inflammation 
or ulceration associated with the development of keratoconus, which 
accounts for the absence of pain. There are no complaints referable 
to chromatic aberration. Intra-ocular tension is not increased, and in 
conical cornea complete rupture never occurs spontaneously. 


OBJECTIVE SIGNS 

A case of conical cornea affords opportunity for careful objective 
examination, In the incipient stage the condition may be overlooked. 
Since the conicity is not fully developed, the condition at first is really 
irregular compound myopic astigmatism. Its identification is simplified 
by the tendency of the cornea to angulation and the resulting increase 
in the depth of the anterior chamber. The apex of the cone is so thin 
that it can easily be dented. Pickford in 1843 called attention to the 
glistening appearance and unnatural luster of the cornea in the case 
he deseribed. This sign, resembling a ““dewdrop or piece of solid crystal 
embedded in the cornea,” may be noted in the early stages. Westcott “ 
also offered the following early diagnostic sign: “By observing the cor- 
neal reflex, especially the behavior of the posterior one, a sudden change 
in its appearance will be noted at the point of greatest concavity cor- 
responding to the cone.” Although the cornea appears transparent, 
slight turbidity is often found with focal illumination. This becomes 
more manifest as the disease progresses. .\ definite and complete single 
reflex ring, optically produced and characteristic of keratoconus, 1s 
plainly seen at the base of the corneal cone in photographs taken even 
in the incipient stages. 

When keratoconus is fully developed diagnosis becomes relatively 
simple. At this stage protrusion of the cornea has advanced to the 
point of appreciable conicity, and the apex has become irregularly 
opacified (interstitial keratitis) owing to increased exposure and _fric- 
tion, while sensitivity to touch has disappeared or diminished greatly. 
The degree of protrusion may be measured with the exophthalmometer, 
if available, or it may be studied advantageously by elicitation of the 
sign which was first pointed out by Dr. Edwin S. Munson to the staff 
of the New York Ophthalmic Hospital and has been referred to as 
Munson’s sign ever since. 

Munson’s Sign.—With the examiner standing in front of the patient 
and the upper lids raised, the patient is directed to gaze downward 
on the examiner until the free margin of the lower lid bisects the cornea 
horizontally. The normal cornea, being convex in the line of bisection, 
bulges the free margin of the lower lid into a concavity which corre- 


38. Westcott, V.: Am. J. Ophth. 8:802 (Oct.) 1925. 
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sponds to it in radius of curvature. A conical cornea, being angular 
rather than convex in the line of bisection, bends the free margin of 
the lower lid into an angle corresponding in degree to that of the corneal 
angulation. The angle thus formed in the margin of the lid becomes a 
measure of the angle of the apex of the conical cornea. All degrees 
of protrusion of the cornea may thus be observed by looking down 
on the cornea and lower lid. In cases of unilateral keratoconus or 
of bilateral involvement of different degrees, Munson’'s sign affords 
the observer an excellent opportunity for comparison of the two corneas. 
\lso, in incipient stages it may be the earliest means of detecting the 
development of keratoconus. 

The degree of protrusion is variable. Lewis *’ mentioned a case 
reported. by Noyes in which the apex of the cornea protruded 34 inch 
(approximately 19 mm.) from the base. Jackson,?* on the other hand, 





Photograph of a patient, showing Munson’s sign. A contact glass is in place 
in the right eye, showing the concavity of the margin of the lower lid made by a 
cornea of normal curvatures, as contrasted with the angulation of the margin of 
the lower lid of the left eye, which is dented by the conical cornea. 


found no case in which the protrusion of the apex was more than 2 mm. 
greater than the normal height of the cornea, approximately 2.5 mm. 
In 1 of the cases in my series the protrusion measured 5.5 mm. from 
the base of the cornea. However, it rarely involves more than half of 
the area of the cornea and is confined to the central portion. Pressure 
of the upper lid may be responsible in some measure for the eccentric 
situation of the apex of the cornea, which is often displaced 2 or 3 mm. 
downward and nasally. 


With Placido’s disk, too, one may detect an early tendency toward 
conicity of the cornea. When one observes the corneal reflex of the 
broad, concentric, black and white rings through the hole in the center 
of the disk, the rings are noted to be distorted and diminished in size 


39. Lewis, G. G.: Ann. Ophth. 18:284 (April) 1904. 
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in the central area and to radiate toward the periphery. This finding 
is characteristic of keratoconus. Similarly, the ophthalmometer shows 
irregularity of the mires reflected on the cornea, a high degree of over- 
lapping and frequently an uncommon axis. 

Skiascopy reveals a shadow of an unusual type, the behavior of 
which in the case of a reasonably well formed cone is fairly characteris- 
tic. When the light from a plain mirror is reflected into the eye the 
observer is impressed at once with the bright central illumination which 
moves Opposite to the movement of the mirror and the peripheral illu- 
mination which moves with the movement of the mirror, unless, per- 
chance, the margin is myopic also, but to a lesser degree. The central 
illumination is faintly separated from the peripheral circle of light by 
a shaded area or ring. The observer, however, must not expect always 
to find the bright illumination exactly in the center of the pupillary 
area, bearing in mind the eccentric situation of the apex of the cornea. 

Thorington * in 1897 constructed and described a lens which illus- 
trates the retinoscopic shadow of a conical cornea when placed in front 
of the schematic eve which he devised. To a mounted thin plano glass 
he cemented, at its center, a small planoconvex sphere of 3 diopters, 
the base of which was about 4+ mm. in diameter. When this lens is 
placed in front of the schematic eye in emmetropia and the light is 
reflected from a plane mirror at 1 meter, there are seen in the pupillary 
area the aforementioned small central illumination, moving opposite to 
the movement of the mirror, the peripheral ring (at the edge of the iris), 
which moves rapidly with the movement of the mirror, and between 
these light areas the shaded ring of feeble illumination. The central 
light zone is due to the reflection of the fundus through the central 
conical portion of the cornea, while the outer light ring is due to the 
reflection through the normal peripheral portion. 

Direct ophthalmoscopic examination offers little aid in the diagnosis 
of keratoconus. In early stages slight distortion of the anatomic struc- 
ture of the nerve head may be noted, and the vessels may appear “broken 
and twisted.” In advanced stages it is extremely difficult to see the 
fundus at all, owing to the marked distortion of its details. 


TREATMENT 


It is to be expected that for an ailment of obscure origin, found 
in association with a variety of other conditions, divers methods of 
treatment would be advocated. In general, it may be said that the results 
are far from satisfactory ; keratoconus, indeed, is one of the most diff- 
cult ophthalmic conditions to treat. This statement, however, must not 


40. Thorington, James: Lenses for the Study of the Scissors Movement, J. A. 
M. A. 29:1261 (Dec. 18) 1897. 
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be construed to mean that the condition is hopeless. Patients can be 
restored to usefulness in their occupations and to social life, as will be 
shown. 

The remedial measures at one’s disposal may be best described under 
three heads: medicinal, optical and surgical. 

Medicinal Treatment.—Locally, miotics, such as physostigmine and 
pilocarpine, have been used both with and without the aid of a pressure 
bandage. The bandage has proved of value in some cases when used 
for a long period. It tends to check conicity, while the miotic con- 
tracts the pupil, thus improving vision. Panas *' reported lasting results 
from the use of pilocarpine in the daytime and the pressure bandage 
at night for from six to eighteen months. Killick ** reported restoration 
of almost complete transparency of the cornea with the use of a firm 
pressure bandage and a tonic. 

Internally, tonics are of value as an adjuvant, since, as has been 
pointed out, keratoconus does not usually occur in robust persons. 
Tordk and Redway,'* while studying the calcium metabolism in the 13 
cases in their series already mentioned, noticed improvement in vision 
in nearly all the cases during the time thyroid extract was administered. 
They expressed the belief, however, that this was due to the resultant 
improvement in the metabolic rate rather than to any other factor. No 
improvement was noted in any of the cases in which the conus had 
already developed. This led to the conclusion that preparations of 
thyroid gland have no permanent curative value but may be of use early 
in the disease. Others have also reported good results from the use of 
thyroid and from the administration of ovarian extract as well, but no 
cures. 

More often than not, the patient is unaware of the extent and seri- 
ousness of the condition in the early stages, when medicaments may 
have some beneficial effect. By the time the opththalmologist is con- 


sulted for relief of keratoconus medicaments are powerless to stay the 
advance. One of the other forms of treatment must then be resorted to. 


Optical Treatinent.—This offers the patient the best results. It aims 
to improve vision by either of two methods: (1) prescription of a neu- 
tralizing lens for the correction of the irregular refraction or (2) 
addition to the optical system of the eye of a new cornea of normal 
curvatures in the form of a contact glass. The choice depends on the 
stage of the disease. 

Neutralizing Lenses: Patients presenting moderate degrees of kera- 
toconus are usually benefited by glasses, provided that a preliminary 

; 41. Panas, P., in Norris, W. F., and Oliver, Charles A.: System of Diseases 
«1 the Eye, Philadelphia, J. B. Lippincott Company, 1909, vol. 4, p. 253. 
42. Killick, C.: Brit. J. Ophth. 7:264, 1923. 
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test with a miotic or the pinhole disk indicates improvement in visual 
acuity. While errors of refraction are usually due to compound myopic 


astigmatism, simple hyperopic astigmatism and mixed astigmatism are’ 


not extremely rare. 

At the trial case, patience and persistence on the part of both the 
patient and the examiner are required in order to negotiate a refrac- 
tion. Prolonged and repeated tests must be made if accuracy and 
maximum vision with comfort are sought. The examiner should be 
fortified with a knowledge of the degree and axis of the astigmatism, 
as revealed by the ophthalmometer. If the position of the principal axes 
of the elliptic nerve head is observed with the ophthalmoscope, one may 
be rewarded with an additional clue to the axis. Skiascopy, even in the 
presence of broken reflexes, sometimes indicates the axis by the general 
trend of light. 

With the trial frame close to the face and the lenses inserted close 
to the eyes, the first step should be directed toward correction of the 
spherical error, if any exists. This having been accomplished, correc- 
tion of the astigmatic error should then be undertaken by insertion 
of a cylinder of the strength and in the axis suggested. The cylinder is 
then slowly rotated 90 degrees in a clockwise direction and 90 degrees 
in a counter-clockwise direction from its original position and is finally 
left in the particular position which offers the best visual acuity. 
Attempts should then be made to improve on this result, if possible, by 
increasing or decreasing the strength of the cylinder or by the use of 
cross-cylinders. 

The induction of cycloplegia for refraction, though resorted to, offers 
little assistance. Dilatation of the pupil frequently proves to be a dis- 
advantage. In fact, skiascopy is greatly facilitated by the use of a disk 
with an aperture from 3 to 5 mm. in diameter. This screens from 
view most of the confusing shadows and leaves only the limited central 
area for which correction is to be made. When a cycloplegic is used, 
Thorington ** suggested that one merely make a record of the neutral- 
izing lens or lenses required for the portion of the pupillary area which 
corresponds to the size of: the pupil after the effect of the cycloplegic 
has passed away and this record is then used as a guide in the manifest 
correction after the disappearance of cycloplegia. 

After the ophthalmologist has found a prescription which offers the 
patient maximum improvement in visual acuity, sufficient to meet the 
minimum requirements of his occupation, he has not yet completed his 
task. The patient must be instructed to obtain spectacles with temples 


43. Thorington, James: Refraction of the Human Eye and Methods of Esti- 
mating the Refraction, Including a Section on the Fitting of Spectacles and Eye 
Glasses, ed. 2, Philadelphia, P. Blakiston’s Son & Co., 1930, p. 231. 
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which will hold the lenses firmly against the face and as close to the 
eves as the eyelashes permit. The use of wabbling oxfords and nose- 
pinchers must be discouraged—in fact, prohibited. The mechanical 
adjustment of glasses of these types soon becomes disrupted, and the 
accuracy of a prescription for a high degree of astigmatism cannot be 
maintained long. 

Contact Glasses: In cases of advanced keratoconus in which no 
benefit is derived from ordinary glasses, other optical devices have been 
tried. Small disks with stenopeic slits, either alone or combined with 
correcting lenses, were found to give good results. Snellen,** by means 
of a special variety of stenopeic slits, increased the vision tenfold. 
Mackay *° recommended an opaque diaphragm pierced with a series of 
small openings. Siegrist *® obtained remarkable visual improvement 
with his modification of Lowenstein’s hydrodiascope. These, however, 
were discarded because of their impracticability or attending disfigure- 
ment. The contact glass finally solved a great problem. 

The first contact glass was actually introduced by Herschell in 1827, 
when he cast one from a gelatin negative. He had contemplated origi- 
nally the correction only of glaring errors of refraction which could 
not be improved with regular lenses. By 1860 Herschell ** was con- 
vinced that he could correct keratoconus with the use of the “transparent 
shell over the cornea,” which he devised. In 1888 Fick ** carried out 
numerous experiments in this field. Finally, in 1908, Muller of Weis- 
haden began to produce the blown contact glass with a scleral shoulder. 
This was a great advance, for without a segment to fit the sclera the 
contact glass could not maintain its position. Zeiss, of Jena, soon fol- 
lowed with the ground contact glass. Today the contact glass has 
reached a stage of perfection at which it can be called on to reestablish 
clarity of vision by abolishing, with the aid of saline solution, the 
refractive power of a markedly distorted cornea—the conical cornea, 
in particular. 

A contact glass may be defined as an artificial cornea with an 
extended shoulder to fit snugly over the sclera. The corneal segment, 
by virtue of a similar index of refraction, has the power to render an 
irregular cornea inoperative. It actually substitutes a new, nearly per- 
fect cornea for the distorted one, thereby eliminating the entire astig- 
matic error. The patient thus acquires visual improvement which cannot 
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otherwise be obtained. With the interposition of physiologic solution 
of sodium chloride, the contact glass rests directly on the patient’s eye- 
ball, covering about the anterior two-fifths. It becomes a definite part 
of the optical system and maintains exactly the same correction for 
every position of the eye. The patient enjoys a wider and clearer field 
of vision as well as improvement in central vision. 

Only in certain cases is keratoconus suitable for treatment with con- 
tact glasses. If the cornea is clear or almost clear and the irregular 
astigmatism is so pronounced that satisfactory improvement in the 
visual acuity cannot be obtained by the ordinary spherical and cylindric 
lenses, the condition is one that should be benefited by a properly pre- 
scribed contact glass. If the corneal opacities are too dense or lenticular 
opacities are present in the pupillary area, or if there is marked lenticu- 
lar astigmatism or other changes in the media which seriously impair 
transparency, a contact glass is contraindicated. 

Two types of contact glasses are now in use, each possessing advan- 
tages and disadvantages. There are the blown type, originally intro- 
duced by Muller, of Wiesbaden, and the ground type, introduced by 
Zeiss, of Jena. 

The blown contact glass is a perfect example of the art of glass- 
blowing. It resembles somewhat the shell of an artificial eye. The 
central segment is transparent and curved to imitate the normal curva- 
tures of the cornea. The peripheral segment, which is oval and usually 
broader than that of the ground glass, has a radius of curvature of 
12 mm., so as to cover the sclera snugly. The peripheral segment may 
be either opaque and marked with fine vessels, in simulation of the 
sclera, or clearly transparent. The width of the lower portion of the 
supporting scleral flange is from about 7 to 8 mm., the width of 
the upper portion from 4 to 5 mm., the width of the temporal portion 
from 10 to 12 mm. and the width of the nasal portion from 7 to 8 mm. 
These values are, of course, arbitrary. A glass must be blown with 
a scleral rim of whatever dimensions the individual eyeball requires so 
that maximum comfort may prevail. 

This type of glass is much more comfortable to wear than the ground 
glass. Its smooth surface is nonirritating to the tissues and chemically 
unaffected by the lacrimal fluid. Pressure on the eyeball, if present, 
is more uniformly distributed. The gradual transition from the corneal 
to the scleral segment prevents pressure on the limbus and the ciliary 
vessels; hence, there is little or no interference with nutrition. It is 
also believed to be more durable than the ground contact glass. Lauber *° 


reported 1 case in which the patient wore the same glass of the Muller 
type for six years. 


49. Lauber: Klin. Monatsbl. f. Augenh. 84:558 (April) 1930. 
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3ut since accurately fitting lenses cannot be blown, the curvatures 
of a contact glass of this type are mathematically less accurate than 
those of a ground glass. Often, it presents high astigmatic errors. A 
spherical correction cannot be included when desired. The method of 
prescribing a blown glass constitutes a serious disadvantage. All the 
fittings must be made by selection from a large number. It is usually 
necessary to try about fifty glasses before the proper one is found. 
When the fitted glass breaks, the same tedious procedure of selection 
must be repeated to find another suitable one. 

The ground contact glass is a masterpiece of the art of grinding. 
It is a clear, entirely transparent, bowl-shaped shell, weighing about 0.5 
Gm., and is extremely delicate. The central corneal segment has a 
base of 12 mm. and is ground with a radius of curvature of 8 mm., 
or with graduated variations of this. The peripheral scleral rim is about 
4 mm. wide and is ground on a radius of curvature of 12 mm. It will 
be noted that these dimensions approximate closely the measurements 
of a normal cornea and the adjacent sclera. 

For patients suffering from keratoconus, the most useful ground 
contact glasses are those having corneal segments with radii of 8, 7.5 
and 6.5 mm. and bases of from 12 to 13 mm. and scleral segments with 
radii of from 11 to 13 mm., graduated in steps of 0.2 mm. A scleral rim 
with a radius of 12 mm..usually rests flatly on the sclera and the over- 
lying conjunctiva of an eye of the average size. These graduated 
curvatures of the scleral rim make it possible to fit with equal comfort 
both the small hyperopic and the large myopic eyeball. Finally, the 
appropriate prescription for a contact glass is indicated by a fraction 
the numerator of which represents the radius of the scleral curvature, 
the first digit being omitted, and the denominator the radius of the 
corneal curvature. Thus, 2/8 indicates a prescription for a ground 
glass having a scleral rim with a radius of curvature of 12 mm. and a 
corneal segment with a radius of 8 mm. 

A ground contact glass is scientifically more accurate. Spherical 
correction may be included, if desired, provided that it does not exceed 
8 diopters (plus or minus); a focus greater than this makes the glass 
too heavy. For fitting, a large selection of glasses is available, includ- 
ing many combinations of curvatures. When replacement is required, 
the patient orders another glass of the same prescription and is not 
compelled to appear for a refitting, as is necessary with a glass of the 
blown type. 

However, the grinding process inevitably leaves some degree of 
roughness, which contributes to the discomfort of the wearer. This 
is evidenced by the sensation of irritation and visible congestion in the 
eye. Again, ground glasses fit more firmly, thereby causing considerable 
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constriction of the vessels of the conjunctiva in the vicinity of the 
limbus. Hence, the Zeiss ground contact glasses are not well tolerated 
by most patients. 

From the preceding description it appears that an ideal contact glass 
could be constructed by incorporating only the virtues of each type. 
For example, the corneal portion may be of ground glass, as in the 
Zeiss glass, and the scleral portion of blown glass, as in the Muller glass. 
Attempts made by the Zeiss firm to grind the corneal segment of the 
Miller glass were unsuccessful; every glass broke, owing to the thinness 
and extreme delicacy. Until such a glass is possible, a contact glass must 
be considered “ideal” if it has a corneal segment of perfect, or nearly 
perfect, curvature, fits the sclera accurately, is unaffected by the lacrimal 
secretion, is invisible, can easily be replaced and is well tolerated for 
contianatlen wear. 

When one prescribes a contact glass, local anesthesia should be 
employed at the first sitting. One must select the lens which gives the 
best vision with the addition of a sphere in the trial frame, provided 
that it affords adequate clearance between the patient’s cornea and 
the corneal segment of the contact glass and simultaneously exerts even 
pressure on the sclera. Maximum comfort will then be attained. Rugg- 
Gunn °° first emphasized the importance of an exact fit for the sclera, 
and no one who has had experience with contact glasses can disagree 
with him. A complete zone of contact with the sclera at the limbus 
spells comfort for the patient. This must be present when the con- 
junctiva has returned to its normal state, unaltered by the action of 
the local anesthetic. 

To ascertain the degree of contact between the apex of the conical 
cornea and the contact glass, a fluid layer of a 20 per cent solution of 
fluorescein may be interposed. The area of contact, if any exists, 
remains unstained but is surrounded by a green ring. There should 
be enough space between the apex of the cone and the corneal segment 
of the contact glass to permit the interposition of a very thin layer of 
physiologic solution of sodium chloride when the glass is worn, A 
slight contact is not harmful. In fact, European ophthalmologists are 
of the opinion that it is beneficial to have a contact glass exert some 
pressure on the apex of the cone. A large area of contact should be 
avoided, since it causes visible wrinkling of Descemet’s membrane. 

The knack of insertion and removal of a contact glass is quickly 
and efficiently acquired by the patient. Since he is at first required to 
make several reinsertions a day, owing to irritation or the increasing 
turbidity of the saline solution, the patient can soon execute the act 


50. Rugg-Gunn, A.: Proc. Roy. Soc. Med. 25:478 (Feb.) 1932. 
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without permitting bubbles to form. Several devices have been offered 
to facilitate insertion. The suction device described by O'Rourke *' and 
modified by Kazdan ** is excellent. However, it may become urgent 
for the patient to reinsert a contact glass at any moment and in a place 
where an apparatus is not available. For persons who require mechani- 
cal assistance, and only a few do, the simple nipple may be suggested. 

A wet nipple is lightly compressed and attached to the contact glass. 
The cavity of the glass is filled with physiologic solution of sodium 
chloride at body temperature. The patient stands with the head bent 
forward and the eyes directed to the toes, holding the filled contact 
glass in one hand. With the other arm over the head, the upper lid 
is lifted away from the eyeball with one finger, and the upper edge of 
the glass is simultaneously directed under the margin of the upper lid. 
After the hold on the upper lid is released, the lower lid is drawn down 
with the little finger of the same hand so that it passes over the lower 
edge of the contact glass, and simultaneously the glass is released by 
squeezing the nipple. 

Tolerance for a contact glass depends on the degree of discomfort 
the patient is compelled to endure. A certain amount of unpleasantness 
must be anticipated when a foreign body is placed over the cornea. 
Although patients are thrilled with the marked visual improvement and 
are overwrought with enthusiasm at the start, some either eventually 
discard the contact glass or wear it only on special occasions when better 
vision is essential, merely because of the ever increasing irritation pro- 
duced. Other persons experience little or no physical difficulty and 
can wear the glass many hours without a change. A patient of mine 
wears his contact glass continuously from twelve to fifteen hours. Still 
others find the contact glass tolerable but must reinsert it every few 
hours, either to change the saline solution, which becomes turbid, or to 
“rest the eve.” While it is generally agreed that a glass of the blown 
type can be worn continuously over a longer period than one of the 
ground type, some persons prefer the latter type and cannot wear the 
former, 

The temperamental state of the patient must not be overlooked in 
prescribing a contact glass. When both eves require correction, it 1s 
advisable to fit one eye only, waiting for tolerance to be acquired before 
correcting the other. Persuasion therapy or other form of psycho- 
therapy may be required as a preliminary for a patient who is despondent 
over the failure of vision and yet considers the handling or manip- 
ulation of the glass too repulsive a procedure. Still other persons 





51. O'Rourke, D. H.: Am. J. Ophth. 12:187, 1928. 
52. Kazdan, L.: Canad. M. A. J. 25:663, 1931. 














918 ARCHIVES OF OPHTHALMOLOGY 


refuse to wear the glass for fear of breakage, although a contact glass 
enjoys all the benefits of the protective mechanism of the eye and is 
fairly safe. 

While the optical benefit of a contact glass in cases of keratoconus 
is unquestionably remarkable, the beneficial effect on the pathologic 
processes is a matter of controversy. In the experience of some observ- 
ers, contact glasses have never been found to prevent the advance of 
stretching of the cornea. Others claim a definite reduction of the 
conicity. The clinical successes reported in the literature, especially the 
German, are numerous. Sitchevska '* reported definite diminution in 
the density of the opacity of the apex of the cornea in a patient who 
wore a Muller glass in the left eye several hours daily for two and 
one-half years. Von Hippel,** too, noticed a similar improvement after 
the use of contact glasses for one year. Clausen,** Sheffels,®® Jaensch °° 
and Quirin ** expressed the belief that the therapeutic value of a contact 
glass lies in its action, which is similar to that of an orthopedic bandage. 
It makes the apex firmer, thus preventing further bulging of the cornea 
while checking the progress of the disease. 

Surgical Treatment.—Surgical intervention aims to produce flatten- 
ing of the cornea in order to improve eyesight. When any degree of 
useful vision is no longer obtainable with the use of contact glasses, oper- 
ative intervention may be considered—but not sooner. Only in cases of 
advanced, nearly hopeless conditions should the patient: undergo opera- 
tion. Most ophthalmologists agree with this. Too much cannot be 
expected of surgical treatment; at best, it gives a result far from ideal 
and none too lasting. The unsightliness which inevitably follows must 
be anticipated, and the appearance of the eye is always marred to some 
extent. 

The early literature is replete with reports of frantic efforts to find 
a suitable operation. Sir William Bowman ** was the first to resort to 
surgical means for the treatment of conical cornea. Since he was 
encouraged by his observations of visual improvement following the 
use of a stenopeic slit in this condition, his procedure had for its objec- 
tive the production of a slit-shaped pupil. Bell,®” in 1875, was one of 
the first to attempt paracentesis of the anterior chamber. Tweedy “ 


53. von Hippel, E.: Klin. Monatsbl. f. Augenh. 49:320, 1918. 
54. Clausen: Ber. ti. d. Versamml. d. deutsch. ophth. Gesellsch. 42:288, 1920. 
5. Sheffels: Klin. Monatsbl. f. Augenh. 74:509, 1925. 
56. Jaensch, P. A.: Med. Klin. 25:862 (May) 1929. 
7. Quirin, A.: Klin. Monatsbl. f. Augenh. 79:569, 1927. 
58. Bowman, William: Ophth. Hosp. Rep. 2:154, 1859-1860 
59. Bell, B.: A System of Surgery, Edinburgh, C. Elliott, 1785, vol. 3, p. 325. 
60. Tweedy, J., in Norris, W. F., and Oliver, Charles A.: System of Diseases 
of the Eye, Philadelphia, J. B. Lippincott Company, 1900, vol. 4, p. 252. 
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recommended multiple punctures of the cornea, while Gervis employed 
this technic but followed it with the application of silver nitrate. Des- 
marres d’Evreux *' advocated puncture of the cornea, followed by light 
but long continued pressure on the cornea. Littell ®* applied silver 
nitrate alone to the apex of the cornea. Tyrrell ® displaced the pupil 
hy drawing a portion of the iris into the wound which had_ previously 
been made in the cornea near the sclerocorneal margin. Wells ** 
expressed the belief that iridectomy is the best operative procedure. 
Jean reported good results following iridectomy and trephining of 
the cornea with the use of a conjunctival flap. Nuel,"* however, pre- 
ferred external iridotomy. | 

Since he had observed that a corneal cicatrix following an ulcer 
often flattened the membrane, von Graefe “ produced ulceration of the 
apex of the corneal cone and subsequent contraction and flattening of 
the cicatrix by excising with a cataract knife a small superficial flap 
~of cornea from the apex. He also shaved the apex and applied the 
silver nitrate stick. More recently Nicolato ® reported the results of 
extraction of the lens in the treatment of keratoconus, while younger 
patients were subjected to repeated discissions. Wibo ® advocated the 
use of fistulizing sclerectomy. 

Fox! reported gratifying results in 40 cases from the use of his 
modification of the operation performed by the elder Critchett. Essen- 
tially, it consists of the excision of an elliptic piece of the entire thick- 
ness of the cornea, the maximum width of which is from 2 to 3 mm. 
and the length from 5 to 7 mm. This piece is removed from the cornea 
about 3 mm. above its horizontal meridian, so that the pupil is not 
obstructed by the resultant scar. He noted little postoperative reaction. 
During convalescence the newly flattened cornea failed to regain its 
original conicity. Judged on the basis of his results, this operation 
appears promising and surely deserves the attention of the ophthalmic 
surgeon. 





61. Desmarres d’Evreu:-, L. A.: Traité théorique et pratique des maladies 
des yeux, Paris, Germer-Bailliére, 1847, p. 348. 

62. Littell, S.: A Manual of the Diseases of the Eye, Philadelphia, J. S. 
Littell, 1837, p. 120. 

63. Tyrrell, F.: A Practical Work on the Diseases of the Eye, London, J. 
Churchill, 1840, vol. 1, p. 277. 
64. Wells, J. Soelberg: 
. C. Lea, 1873, p. 149. 
65. Jean, G. W.: Am. J. Ophth. 6:297, 1923. 
66. Nuel, J. P.. in Norris, W. F., and Oliver, Charles A.: System of Diseases 
the Eye, Philadelphia, J. B. Lippincott Company, 1900, vol. 4, p. 252. 
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Carpenter *° reported a case of keratoconus in which cure was 
etfected with the high frequency spark. [lectrocautery has been widely 
advocated and practiced both with and without perforation of the 
cornea. The former technic has the advantage of producing a greater 
flattening of the conical cornea, but it involves the risk of such operative 
complications as anterior synechia, intra-ocular infection and secondary 
glaucoma. Tweedy °° and Ziegler"! shared the opinion that perforation 
is essential for successful cauterization, while Swanzy ** taught that the 
cornea should not be perforated. More recently, Knapp!’ expressed 
enthusiasm for the use of cauterization with perforation. With the 
use of a round galvanocautery tip 2 mm. in diameter the corneal apex 
is cauterized to the deepest layers. To prevent sudden escape of aque- 
ous, perforation is completed with the fine point cautery, followed by 
the administration of atropine salve and the use of a binocular bandage 
for from one to two weeks and a firm monocular bandage for from 
five to six weeks longer. In 14 cases in which a similar operation was 
performed improvement occurred. 

The searring due to cauterization is much less than might be antici- 
pated. To offset some of the unfavorable consequences, optical iridec- 
tomy and tattooing of the iris may be resorted to. Knapp found it 
necessary to follow cauterization with both procedures in some of the 
cases in his series. 

Finally, in stating an opinion concerning the merits of the operations 
proposed by an equal number of competent surgeons, one could not 
improve, even today, on the statement of Wells,°* in 1873: “All these 
methods of treatment of conical cornea are still upon their trial and 
nothing decisive can as vet be said as to their relative advantages or 
disadvantages.” 

SUM MARY 


1. Keratoconus or conical cornea is a noninflammatory defect of 
the cornea characterized by stretching or yielding of its central portion 
into a state of conicity. 

2. The etiology is still unknown, but the condition occurs most often 
in young, undernourished girls. It may be congenital, or hereditary fac- 
tors may predispose the subject. It may be due to hypothyroidism 
or to a disturbance involving the ovarian hormones. 

3. The pathologic picture results from thinning and softening of 
the cornea, characteristic changes being created which are visible with 
the slit lamp. 


70. Carpenter, E. R.: Ophth. Rec. 24:18, 1915. 
71. This reference was deleted by the author. 


2. Swanzy, H. R.: Handbook of Diseases of the Eye and Their Treatment, 
London, H. K. Lewis, 1903. 
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4. Its development is unattended by pain, inflammation or ulcera- 
tion, and the patient notes only gradual but continuous loss of vision. 

5. The diagnosis is made objectively with the aid of Placido’s disk, 
of Munson’s sign and of the retinoscope, the ophthalmoscope and the 
ophthalmometer. 

6. Treatment depends on the stage: In early stages the condition 
can be benefited by the correction of refractive errors, while an attempt 
is made to halt the advance with the use of miotics and_ pressure 
bandages. Patients suffering from late stages of the disease may enjoy 
nearly perfect vision with the use of contact glasses, and when these 
are of no avail surgical treatment must be resorted to in an effort to 
flatten the cornea. Results are best in cases in which contact glasses 
can be tolerated. 











News and Notes 


Epitep By Dr. JonHN HersBert WaAITE 


SOCIETY NEWS 


British Medical Association, Section on Ophthalmology.—The 
annual meeting of the Section on Ophthalmology of the British Medi- 
cal Association will be held in Oxford, England, on July 22 and 23. 
The following program will be presented: 

On July 22 “The Tubercle Bacillus as a Cause of Obscure Disease 
of the Eye” will be considered. The discussion will be opened by the 
following: Mr. F. A. Williamson-Noble, London; Dr. S. R. Gloyne, 
London; Sir Stewart Duke-Elder, London; Mr. J. J. Evans, Birming- 
ham; Sir Arnold Lawson, London; Dr. A. B. Porteous, London; Dr. 
William Stobie, Oxford; Dr. R. L. Vollum, Oxford; Mr. M. H. 
Whiting, London. 

On July 23, the following papers will be read: “The Results of 
Corneal Transplantation,’ by Mr. J. W. Tudor Thomas, Cardiff; 
“Autohemotherapy in Chronic Iridocyclitis,” by Mr. T. J. Phillips; 
“Myopia,” by Mr. Arnold Sorsby, London; “The Present Position of 
Operative Treatment in Detachment of the Retina,” by Mr. J. C. 
Marshall, London. 

The officers of the Section on Ophthalmology are: P. E. H. Adams, 
of Oxford, president; Sir Stewart Duke-Elder, of London; J. W. 
Tudor-Thomas, of Cardiff, and C. G. Russ Wood, of Oxford, vice 
presidents, and Thomasina Belt, of Oxford, and C. D. Shapland, 15 
Devonshire Place, London, W. 1, honorary secretaries. 


American Academy of Ophthalmology and Otolaryngology.—A 
scientific exhibit will be one of the features during the New York 
convention of: the American Academy of Ophthalmology and Oto- 
laryngology, to be held Sept. 26 to Oct. 3, 1936. Applications for 
space should be sent to: 

Dr. S. J. Kopetzky (for otolaryngology), 51 West Seventy-Third 
Street, New York. 

Dr. Ralph I. Lloyd (for ophthalmology), 14 Eighth Avenue, 
Brooklyn. 


GENERAL NEWS 


Treacher Collins Fund.— Over £1,000 has been collected for the 
Treacher Collins Fund. It is proposed to offer a prize for a triennial 
essay or for research work. The fund is still open, and any one 
wishing to contribute to this memorial to the late Treacher Collins 


should communicate with the honorary secretary, Sir Arnold Lawson, 
12 Harley Street, London, W. 








Obituary 


McCLUNEY RADCLIFFE, M.D. 
1854-1936 


Dr. McCluney Radcliffe, son of McCluney and Sarah (Cunningham) 
Radcliffe, was born on his father’s farm in Little Valley, near Lewis- 
town, Mifflin County, Pa., on June 6, 1854. He attended the local public 
school and later Kishacoquillas Seminary (now closed), where he pre- 
pared for college. 

He entered Lafayette College in January 1874, being admitted to 
the second term of the freshman class. He was graduated in June 1877 
with a degree of Bachelor of Arts, and he received the degree of 
Master of Arts in 1880. After graduation he returned to the farm, 
where he remained for two years. In the autumn of 1879 he entered 
the University of Pennsylvania School of Medicine, from which he was 
graduated with the degree of Doctor of Medicine on March 15, 1882. 
He received honorable mention for his thesis on exophthalmic goiter. 
He served his internship in the Orthopaedic Hospital and the German- 
town Hospital in Philadelphia during 1882 and 1883. 

He remained in Philadelphia and was assistant surgeon at the Ortho- 
paedic Hospital from 1883 to 1890, clinical assistant to the ophthalmo- 
logic and otologic department of the Pennsylvania Hospital from 1883 
to 1887, ‘clinical assistant to Dr. George C. Harlan in the Wills Hos- 
pital from 1890 to 1898 and assistant surgeon from 1898 to 1901. In 
1901 he was appointed attending surgeon at the Wills Hospital. In 
1924 he retired from active duty on account of age and was made 
consulting surgeon, in which capacity he served until his death. He 
was elected ophthalmic surgeon at the Presbyterian Hospital in January 
1914; he resigned in 1922 and was elected consulting ophthalmologist. 
He was also consulting ophthalmologist at the Norristown State Insane 
Hospital. 

On Jan. 1, 1885, he married Miss Mary E. Funk, whose family had 
lived in Juniata County, Pa., for about one hundred and fifty years. 
They had one daughter, Sarah, wife of Robert R. MacKay, and three 
grandchildren, Robert R. Jr., Jean Radcliffe and John S. R. MacKay. 
Dr. Radcliffe was intensely devoted to his family and always took an 
active interest in his church. 

He was a member of the Philadelphia County Medical Society, the 
Medical Society of the State of Pennsylvania, the American Medical 
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Association, the American Ophthalmological Society, the American 
Academy of Ophthalmology and Otolaryngology (resigned 1931), the 
Oxford (England) Ophthalmological Congress and the College of 
Physicians of Philadelphia. He was chairman of the Section of Oph- 
thalmology of the College of Physicians from 1922 to 1923 and presi- 
deat of the Philadelphia Medical Club in 1915. He was trustee of 
Lafayette College from June 1896 to October 1932. He was a member 
of Phi Delta Theta and historian of the general council from 1896 to 
1900 and a member of Alpha Mu Pi Omega and of the Sydenham 
Medical Coterie. 

The honorary degree of Doctor of Laws was conferred on Dr. 
Radcliffe by the Gettysburg College in June 1914, and the honorary 
degree of Doctor of Science by the Lafayette College in 1933. He was 
a Thirty-Third Degree Mason and at one time was master of his Blue 
Lodge. He was also influential in the founding and equipping of the 
Masonic hospital in Elizabethtown, Pa. 

Dr. Radcliffe had a capacity for work which was not evident ‘n 
his demeanor. He afforded an example of quiet dignity, courtesy and 
kindness. To his assistants he was always a friend, ready to help when- 
ever he was needed. He was a cool, confident and skilful operator, 
with exceedingly good and calm surgical judgment. He was not a 
prolific writer, but his writings were all carefully prepared and written 
because he thought his subject was worth while. His most important 
contributions were made on the following subjects: ophthalmia neo- 
natorum, albuminuric retinitis, strabismus, glaucoma and the newer 
operations for its treatment, ocular diseases in general practice, the 
use of thyroid extract in cases of keratitis, diseases of the cornea, tuber- 
culosis of the eye, trachoma, headaches due to low refraction errors, 
the choice of operation for iridectomy, recurrent retinal hemorrhage, 
Mikulicz’ disease and the advantages of complete discission by the 
V-shaped method. 

Dr. Radcliffe was an eminent man, loved by many and respected 
by all his colleagues and acquaintances. 


ALFRED COWAN. 








Abstracts from Current Literature 


EpITED By Dr. WILLIAM ZENTMAYER 


Conjunctiva 


BILATERAL TEMPORAL PreryGIA. P. H. REED and L. L. Mayer, Am. 
J. Ophth. 18: 605 (July) 1935. 


Reed and Mayer found no case of bitemporal pterygia in the 
literature without also nasal pterygia. They report a case in a Chinaman 
whose eyes were otherwise normal. Both pterygia were removed by 
the McReynolds technic. oF ce 

. W. S. REESE. 


HEMORRHAGIC LYMPHANGIECTASIS OF THE CONJUNCTIVA. F. 
Contino, Ann. di ottal. e clin. ocul. 63: 281 (April) 1935. 


Contino reports the case of a woman of 50 years who had always 
been healthy but who had had some trouble with her eyes at times. On 
examination of the eyes, moderate ptosis of both upper lids was noticed. 
This was due to an old trachoma. On everting the upper lid of the 
right eye there was seen on the upper bulbar conjunctiva a series of 
elevated pink cords placed in arcuate form parallel to the limbus. These 
cords were joined with one another by smaller cords. At the end 
of a month the cords had disappeared. Leber gave conditions of this 
type the name of hemorrhagic lymphangiectasis. Histologic observa- 
tion indicated that the pink color was due to hemorrhages into the 
iymph spaces from rupture of small blood vessels in the wall of the 
lymph vessels, and an anomalous connection between the lymph and 


the blood vessels of the mucosa was believed to exist. 
A. PERZIA. 


THE Etiotocy AND PaTtTHoLocic ANATOMY OF PTERYGIUM. G. 
PossENTI and C. CAsTRIGNANI, Ann. di ottal. e clin. ocul. 63: 699 
(Sept.) 1935. 

Possenti and Castrignani review previous histologic observations in 
pterygium, some of which are illustrated by sections of their own 
material. Their observations give no support to the theory that 
pterygium originates from the pinguecula or to the theory that it is of 
neoplastic origin. They believe pterygium must be considered a chronic 
inflammatory process due in part to external irritation and in part to 
individual predisposing conditions, such as relaxation or edema of the 
conjunctiva, caruncle and semilunar fold. 

S. R. G1iFForp. 


THREE Cases OF SEPTICEMIA FoLLowING PNeumococcic Con- 
JUNCTIVITIS. FERNANDEZ BALBUENA, Arch. de oftal. hispano-am. 
35: 169 (April) 1935. 


This is a report of three cases of septicemia following pneumo- 
coccic conjunctivitis, observed by the author. The complication is one 
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to which he has not found the slightest allusion in the literature. The 
only similar cases on record are the experimental ones of Roemer, 
who produced lethal septicemia by infecting superficial corneal lesions 
with virulent strains of pneumococci, an issue which could be prevented 
by prior immunization with antipneumococcic serum, which localized 
the process to the cornea. 

In each of the three cases there was violent acute conjunctivitis 
with chemosis and palpebral edema. In one case there was necrosis 
of the skin extending to the neck as well as symptoms of general 
septicemia. Two of the cases terminated fatally. Pneumococci were 
found in smears of material from the conjunctiva and, in two of the 
cases, in hemocultures. The treatment consisted in applications of 
silver nitrate, collyria of optochin and methylthionine chloride and 
intravenous injections of antipneumococcic serum. 

The author attributes the septicemia observed to an extreme 
virulence of the pneumococcic infection or to a hypersensibility of the 
patients, as pneumococcic conjunctivitis tends toward spontaneous 


recovery. C. E. FInNLtay 


Congenital Anomalies 


AN ANOMALY OF THE CILIARY Bopy ASSOCIATED WITH CONGENITAL 
Cataract. R.H: Merritt, Am. J. Ophth. 18:15 (Jan.) 1935. 


Merrill cites the case of a man, aged 23, in whose left pupil a white 
mass had been noted shortly after birth. This proved to be a shrunken 
congenital cataract to which were attached the zonular ligaments that 
bound the lens to numerous encircling ciliary processes. The latter 
were abnormally developed and projected out varying distances behind 
the iris, some reaching the periphery of the lens. In each process could 
be seen a delicate system of blood vessels. The iris was atrophic, and 
the lens occupied the temporal three fifths of the semidilated pupil; a 
faint red reflex was obtained around its periphery. Preliminary iridec- 
tomy and four weeks later lens extraction were performed. A severe 
reaction ensued. The eye finally became quiet, and the ciliary processes 
were no longer visible except on wide dilation of the pupil. The fundus 
was normal except for a small white structure projecting from the disk 
into the vitreous. The operation was done for cosmetic purposes, and 
the vision was not improved. The author reviews the literature. 


W. S. REESE. 


CONGENITAL RETINAL Fotp. I. Manny, Brit. J. Ophth. 19: 641 (Dec.) 
1935. 


Mann states that since 1928 six cases of this anomaly (in eight 
eyes) have come to her notice and that Weve has collected six cases 
to be reported. The failure of previous observers to recognize the 
condition was due to the fact that it bears some resemblance to per- 
sistent hyaloid artery and other forms of pseudoglioma. The eyes 
which she was able to examine microscopically had been excised because 
glioma was suspected. 

The abnormalities belong to a group of defects in the gross structure 
and differentiation of the inner layer of the optic cup. They arise 
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mostly after the 13 mm. stage of the embryo (when the cleft is 
closed), and in most cases the changes do not involve the region of the 
cleft and so do not fall into the class:of colobomas. In a few cases 
the change may begin during the process of closure, so that an 
orientation by means of the cleft is possible, but still the changes are 
not those of coloboma. All the cases are characterized by the appearance 
of a fold or ridge involving the inner layer of the optic cup and pro- 
jecting into the vitreous. In some this fold is shallow; in others, high 
and sharp with a falciform edge. Fine gradations occur, and when a 
series is studied it becomes evident that the deformity links up, on 
the one hand, with abnormalities of the region of the cleft and, on the 
other, with a group containing proliferations of the inner layer with 
rosette and ridge formation and the congenital detachments found in 
microphthalmic eyes. However, the defects described constitute a 
definite group to which the term “congenital retinal fold” should be 
applied. 

The ophthalmoscopic appearance of one of the eyes is described: 
The general level of the fundus could be seen only with minus lenses, 
and running from the disk outward in the horizontal meridian toward 
the temporal edge of the lens was a thick rolled edge visible with a 
+ 12 diopter sphere (with retinal vessels on it), breaking up anteriorly 
into many strands attached to the ora serrata on the temporal side in 
the horizontal meridian. This ridge could have no connection with the 
fissure. The solid appearance of the fold, the septum-like connection 
with the retina, the presence of branches of the retinal artery on the 
fold and the attachment anteriorly to the ora serrata, with strands 
passing to the lens near the equator, are characteristic. The vitreous 
and the lens were clear ; the eye, of normal size. In all cases strands of 
persistent embryonic vessels, either the main hyaloid artery or some 
of its branches, were adherent to the surface of the fold (not con- 
tained within the substance) and sometimes were seen with the ophthal- 
moscope but more often on microscopic examination only. 

The situation of the fold is interesting. In most of the cases 
(Weve and Ancona) it occupied the lower temporal quadrant of the 
retina, passing from the disk downward and outward. In bilateral 
cases it was symmetrical, but by no means in all cases did it run 
downward and outward. 


The macroscopic appearance of several of the affected eyes is 
pictured and described. 

Microscopic examination showed the condition to be a double fold 
of the retina pulled inward and attached to a persistent hyaloid 
artery. The inner layer of the optic cup was alone involved in the 
fold, the pigmented epitheliunr being unaffected. The retinal layers were 
somewhat disturbed, being puckered and distorted with some atypical 
rosette formation and hypoplasia (imperfect differentiation) of layers. 
The fold was vascularized by branches of the arteria centralis retinae 
which had grown into it from the disk. Adherent to its surface were 
branches of the. hyaloid artery. 

Embryologically speaking, the defect consists of the adhesion of 
the primary vitreous and its contents to one portion of the inner layer 
of the optic cup, the secondary vitreous which should normally sepa- 
rate them being absent along the line of adhesion. Secondarily to this 
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adhesion both the structures involved become displaced, the inner 
layer of the cup being detached (or rather prevented from coating 
with the outer layer) and raised up into a ridge, and the contents of 
the primary vitreous becoming displaced from the optic axis toward 
the side of the adhesion. 

In many of Weve’s cases there was a familial and hereditary factor. 
and in bilateral cases the appearance was symmetrical, facts both of 
which are against any theory of fetal inflammation or fortuitous 
hemorrhage. 

The article, which is a model of scientific presentation, is fully 


and beautifully illustrated. W. ZENTMAYER. 


Cornea and Sclera 


PRIMARY CALCAREOUS DEGENERATION OF THE CoRNEA.’ D. MICHAIL, 
Arch. d’opht. 52: 247 (April) 1935. 


A case of this rare condition is reported in considerable detail. A 
man was struck in the right eye with a small piece of stone. Following 
this there was a reaction out of proportion to the nature of the injury. 
Later small plaques appeared in the cornea and a profusion of small 
granules in the parenchyma. Marked reactions occurred following 
excision of a piece of conjunctiva and the superficial layers of the cornea 
and following iridectomy. Histologic study of the excised tissue showed 
calcareous granules close to the epithelium, swelling of the endothelium 
of the conjunctival vessels and granules of calcium in the stroma of the 
cornea. These changes are illustrated with photomicrographs. Axenfeld 
in 1917 made two reports of three cases and reviewed the literature. 
Michail briefly reviews Axenfeld’s cases. One case he believes is 
undoubtedly primary; the other two, possibly secondary. As a result 
of the clinical and histologic studies made in his own case he entertains 
a conception of the pathologic changes different from that suggested by 
Axenfeld. The theory he proposes is one of conjunctival angioneurosis 
on a sympathetic basis. He invokes the experimental work of Billig- 
heimer in support of his belief. On this basis alone, he thinks, can 
trivial traumatism be responsible for so severe and extensive a process. 


S. B. Martow. 


A CASE OF KERATITIS PUSTULIFORMIS PROFUNDA. A. AUDEOUD- 
Navitie, Arch. d’opht. 52: 289 (May) 1935. 


A case of this uncommon disease is presented in considerable detail. 
It occurred in a man who got a drop of a mixture of sodium hydroxide 
and potassium cyanide into his left eye while electrowelding. His 
Wassermann reaction was 3 plus. The keratitis seemed to clear after 
spontaneous perforation. He was discharged after three months in the 
hospital. A month later he returned with the right eye affected in the 
same way. Paracentesis was done on this eye because improvement 
seemed to have occurred following spontaneous perforation in the left 
eye. The course of the disease was little affected aside from the relief 
from pain. Treatment, both general and local, seemed of no benefit. 
This case presented the classic symptoms except that it was not seen early 
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enough to ascertain the presence of iritis, which has been observed in 
the majority of cases. When both eyes are affected they are commonly 
affected simultaneously. In the case described a period of four and a 
half months intervened. It is suggested that the antisyphilitic treat- 
ment delayed the outbreak of the disease in the second eye. Audéoud- 
Naville discusses traumatism as an etiologic factor, having found a 
similar case described in the literature. The prognosis in these cases 
is rarely very bad, total loss of vision occurring only in those cases in 
which treatment is begun too late or not given. The final vision in the 
case reported was equal to counting fingers at 30 cm. In conclusion 
the author subscribes to the view expressed by Fuchs, that the etiology 
of this disease is obscure and that probably there are several factors 
involved. However, more and more of the cases the reports of which 
are published are thought to be syphilitic. “Mae 


Tue SYNDROME OF BLUE ScLeERAS. C. Corpero, Arch. di ottal. 42: 

258 (July-Aug.) ; 361 (Sept.-Oct.) 1935. 

The literature is thoroughly reviewed. Cordero reports an unusually 
complete pedigree covering five generations, with seventeen of the 
thirty-eight members included affected. The article is illustrated by 
three excellent reproductions of color photographs of patients, roent- 
genograms of the bones in many cases and in one case photomicrographs 
of a piece of excised skin which showed definite diminution in elastic 


tissue. 
S. R. GIFForp. 


TropHic ULCER oF CORNEA CURED BY LOCAL VITAMIN THERAPY. H. 
VILLARD, H. VIALLEFONT and E. Dracono, Arch. Soc. d. sc. méd. 
et biol. de Montpellier 16: 302, 1935. 


In a case of neuropathic keratitis of syphilitic origin, trophic ulcers 
resisted treatment with methylthionine chloride, atropine, galvanocautery 
and blepharoplasty, but after two weeks’ instillation of cod liver oil 
and carotene in oil, administered on alternate days, the ulcers started to 
cicatrize. > 

J. E. LeBENSOHN. 


THE EtIoLocy oF Utcus RopDENS OF THE CoRNEA. A. M. RopiGciIna, 
Sovet. vestnik oftal. 5: 423, 1934. 


In a woman, aged 76 years, ulcer rodens developed first on the left 
eye, then on the right one. The left eye had to be enucleated because 
of iridocyclitis with severe pain; the vision of the right eye was reduced 
to 0.01 because of a central corneal opacity. The patient suffered from 
trachoma in the cicatricial stage with pannus, which became more 
marked during the ulceration of the cornea. 

Presuming that there was a possibility of infection, Rodigina made 
a thorough bacteriologic study. She obtained in cultures on mediums 
containing protein and blood a short, thin, gram-negative micro-organ- 
ism, which was not motile (examined in the hanging drop) and which 
grew under aerobic conditions. The first generation of the bacillus 
grew on blood-containing mediums only, while the following genera- 
tions grew on all common mediums. The bacillus was very resistant, 























































930 ARCHIVES OF OPHTHALMOLOGY 


as 6 month old cultures were still virulent. The bacillus resembled 
closely Zur Nedden’s, but a thorough study showed the following dif- 
ferences: It did not clot milk, formed gas instead of acid on sugar 
agar, was very resistant, stood drying well and had an odor. 

The pathogenic properties of the microbe were studied on rabbits’ 
eyes in the following manner: One colony of 1 day old undiluted agar 
culture was introduced with the tip of a keratome or cataract knife into 
a previously prepared pouch of the cornea. From the fourth to the 
eighth day a deep ulcer with undermined edges formed, which gradu- 
ally healed by the end of one month. The pathologic examination of 


the experimental ulcer is described. Rodigina comes to the following 
conclusions : 


1. In one case of ulcus rodens of the cornea a micro-organism was 
found which resembled but was not identical with Zur Nedden’s bacillus. 


2. This organism produced on the rabbit’s eye an ulcer clinically and 
pathologically resembling the human ulcus rodens. 


3. The infectious nature of ulcus rodens is to be considered, and a 
bacteriologic examination should be made in all cases. 


O. SITCHEVSKA. 


General Diseases 


AVITAMINOSIS AND THE XEROPHTHALMIC SYNDROME. F. SCULLICA, 
Ann. di ottal. e clin. ocul. 63: 721 (Oct.) 1935. 


After a thorough review of the literature, Scullica reports twelve 
cases observed in the clinic at Messina, Sicily, during the year 1931. All 
occurred during the months from October to December, inclusive. All 
occurred in babies from 2 to 5 years of age except one, in a boy of 14. 
The diet after breast feeding was stopped consisted in all cases chiefly of 
bread or preparations of flour paste and dried beans. All but one of the 
children had shown signs of intestinal disturbance, usually with diar- 
thea. All showed marked loss of muscle tone and more or less marked 
anemia, and a number had undergone respiratory infections. Hemer- 
alopia was present in ten of the children and was the symptom which 
called attention to the condition in most of them. Conjunctival xerosis 
was found in eleven of the patients. The corneal sensitivity was reduced 
in seven, but none showed other evidences of corneal involvement. Ten 
patients showed fundus changes, usually a diffuse fine pigmentation at 
the periphery or about the disks. 

All improved rapidly on cod liver oil or one of the vitamin A con- 
centrates, the most improvement being seen with whole cod liver oil. 
The hemeralopia usually disappeared after a few days, while the 
xerotic patches required a number of months. The fundus changes 
were not affected by treatment. 

The intestinal disturbances were considered an important factor in 
bringing on avitaminosis. The fundus changes, which have not been 
described by most writers on the subject, are considered to be the result 
of degeneration of the pigmented epithelium due to avitaminosis. 


S. R. GIrrorp. 
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THe RELATION BETWEEN THE VASCULAR SYSTEM AND DISEASES OF THE 
Eve. Paut Wernstetn, Arch. f. Augenh. 109: 363, 1935. 


Weinstein has previously described investigations with the tonoscil- 
lograph in which the oscillations were measured from the arm. In the 
work reported in this article he investigated 150 normal persons and 
found that in 80 per cent of the cases the tonoscillograph was charac- 
terized by excursions of from 10 to 12 mm.; in 10 per cent, by the 
so-called atonic type, with excursions around 5 mm., and in the remain- 
der, by oscillations of from 12 to 15 mm. The ages of these normal 
persons are not given. 

He compares these results with those obtained in 175 cases of intra- 
ocular hemorrhage, 150 cases of glaucoma and 45 cases of cataract. In 
the cases of intra-ocular hemorrhage the excursions in 83 per cent were 
larger than 15 mm.; in 6 per cent they were atonic, and in the remainder 
the curves were normal. Again the ages of the patients are not given. 


F. H. Apter. 


A Case oF CHRONIC MILIARY TuBERCULOsIS. A. Bryn, Klin. 
Monatsbl. f. Augenh. 94: 643 (May) 1935. 


Miliary tuberculosis of the iris and choroid involving other organs 
of the body and not resulting fatally is rare, and reports of recovery 
from miliary tuberculosis have been looked on skeptically. The use of 
the roentgenogram, however, revealed cases of miliary tuberculosis of 
this type which, in contrast with the lethal acute form, was termed 
chronic miliary tuberculosis. In both conditions Pirquet’s reaction is 
negative. Bryn, referring to a case of ocular and intracranial miliary 
tuberculosis reported by Uhthoff (Klin. Monatsbl. f. Augenh. 50: 474, 
1921), reports a similar case: A man, aged 32, consulted him in May 
1933 for failing vision. The man had bilateral uveitis with dustlike 
deposits on Descemet’s membrane. He had never been sick; examina- 
tion of the lungs by auscultation and percussion showed no pathologic 
changes; the Wassermann and Pirquet reactions were negative. The 
roentgenogram, on the other hand, showed increased and enlarged 
shadows over the hilus with shadows of infiltration extending over the 
central portions of both lungs, especially the right lung, in which, 
besides, some large calcareous spots were observed. After the patient 
had been at rest in bed for two months two inflammatory tumors were 
noted in the iris of the left eye. After another month in bed and treat- 
ment of the eye with roentgen rays he spent the winter in a dry cli- 
mate. The larger tumor in the left eye measured 2.5 by 2 mm.; no 
tumors were seen in the right eye. The vision of the right eye was 
reduced to counting of fingers at 30 cm. and that of the left eye to 
counting of fingers at 75 cm. In January 1934 a tumor measuring 
2 by 1 mm. had developed in the right eye, reducing its vision to mere 
perception of light, whereas that of the left eye had risen to counting 
fingers at 1.25 meters. Both eyes were treated with roentgen rays; Pir- 
quet’s reaction was still negative, and the blood settlement test was 
normal. By the end of January 1934 paresis in the area of the right 
facial nerve and severe headaches had developed as a result of a limited 
meningeal process. Two weeks later, when the reaction after Pirquet 
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and the diazo reaction were negative, the roentgenogram revealed mili- 
ary tuberculosis of both lungs. The diagnosis of chronic miliary tuber- 
culosis was confirmed by later roentgenograms when infiltrations’ over 
the entire extent of both lungs and other symptoms developed. A 
number of smaller tumors were noted in the iris of the left eye, until, 
in June 1934, the tumors in both eyes began shrinking. Severe uveitis 
in both eyes occurred a few weeks later; seclusion of the pupil and 
secondary glaucoma required an iridectomy in the left eye in August 
1934. Microscopic examination of the excised portion of the iris, which 
comprised the site of the largest tumor, showed only newly formed con- 
hective tissue and mononuclear round cells at that late time. Recovery 
followed, with vision by means of telescopic spectacles of 2/36 of the 
normal. Total detachment of the retina and retinitis proliferans resulted 
in the right eye. No pathologic sounds could be heard over the lungs, 
the shadows over the lungs became clearer, the patient felt well finally, 
but the reaction after Mantoux was positive. . 

K. L. SToLt. 


CoMPARATIVE DIAGNOSTIC VALUE OF CHANGES IN THE EYE IN Con- 
GENITAL SYPHILIS OF EARLY CHILDHOOD. V. V. CHIRKOVSKY 
and E. I. RAUTENSHTEYN, Sovet. vestnik oftal. 7: 289, 1935: 


This is a serious and thorough study of the diseases of the eye in 
children with congenital syphilis. The changes in the choroid and retina, 
the optic nerve, the iris and the conjunctiva are discussed in detail. A 
wide literary review is given; six tables illustrate the paper. 

The material consisted of 231 children who suffered from con- 
genital syphilis and who were observed for a period of five years (1929- 
1934) in the syphilogic clinic of the Leningrad Institute for Protection 
of the Health of Mothers and Infants. The ages of 106 of the children 
ranged up to 3 months, and those of 78, from 3 months to 1 years; i. e., 
79.6 per cent were aged up to 1 year; the other 47 children were from 
1 to 5 years old. 

One group of the children (91) suffered from florid syphilis and 
the rest (140, or 60.6 per cent) from latent syphilis. The most frequent 
changes observed were those of chorioretinitis, type 1, after Sidler, in 
either a mild or a marked form. The spotted appearance of the fundus 
was typical for both forms; this was due to small, light, round, reddish- 
yellow pigmented spots, or so-called “pepper and salt” retinitis. These 
changes were observed in 40 children, or in 17.3 per cent; 31 were 
affected before the age of 6 months. In 22 of these the chorioretinal 
changes were mild. Of 11 children who had a negative Wassermann 
reaction of the blood, 5 showed chorioretinitis as the only decisive sign 
for the diagnosis of congenital syphilis. The histopathologic changes 
occurred in the choriocapillary layer of the choroid and in the pig- 
mented epithelium of the retina. The dark spots were epithelial cells 
crowded with pigment and the light spots those containing little or no 
pigment. Type 2 retinitis after Sidler (large round or oval pigmented 
spots in the periphery of the fundus). was met with in only 2 patients, 
2 and 5 years old. 

Changes in the optic nerve alone were observed by the authors only 
in 7 cases, 5 of florid and 2 of latent syphilis. There were 5 instances of 
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optic neuritis and 2 of postneuritic optic atrophy. In 5 of these neuritis 
occurred within the first three months after birth. In all these cases 
there was severe generalized syphilis, and the syphilis of the mothers 
was of long standing. 

Iritis was observed in 3 children only ; the youngest was 48 days old. 
One of these patients had changes also in the choroid. The mother con- 
tracted syphilis in the latter part of her pregnancy. 

One case of parenchymatous keratitis was seen in a child aged 6 
weeks; it died soon from hemolytic icterus and visceral syphilis. One 
case of peculiar conjunctivitis with thickening of the conjunctiva and 
small spots at the fornix was doubtless syphilitic. The child was 5 
months old and had papules on the skin. ; 

The authors’ conclusions are: 1. The most frequent disease of the 
eye in congenital syphilis is chorioretinitis, type 1, after Sidler. 

2. Type 1 retinitis was observed in 40, or 17.3 per cent, of 231 
children. 

3. The marked as well as the mild forms of “pepper and salt” 
chorioretinitis type 1 have definite diagnostic value. 


4. The mild forms of chorioretinitis without pigmentation are the 
initial changes from which “pepper and salt” retinitis gradually develops. 


5. The comparative diagnostic value is particularly high in the latent 


forms of syphilis, as in 11 of 20 cases the fundus changes were the only 
diagnostic signs. 


6. The ophthalmoscopic examination is important also in manifest 
syphilis, as the fundus changes appear very early in congenital syphilis. 
7. Optic neuritis and optic atrophy are rare in congenital syphilis. 


8. Iritis is rare in congenital syphilis, as only 3 cases of iritis were 
observed ; the patients all suffered from severe generalized syphilis. 


_ 9. Examination of the conjunctiva should be included, as in rare 
instances specific conjunctivitis may be observed (1 case). 


10. The majority of the ocular involvements were observed in chil- 
dren whose mothers received little or no specific treatment. 


11. The general conclusion is that systematic examination of the 
eves of syphilitic children is important, particularly at an early age. 
O. SITCHEVSKA. 


Glaucoma 


Gonioscopic Finpincs AFTER ELLiot Operation. M. U. Troncoso 
and A. B. Reese, Am. J. Ophth. 18: 103 (Feb.) 1935. 


From an examination of twenty-nine eyes the authors draw the 
following conclusions : 


“1. The examination of the angle of the anterior chamber in living 
eyes has passed from the era of experiment and research to the stage 
of clinical application. The gonioscope and the contact glass have made 
possible the exploration of this region which was previously unknown 
in the living eye. With this method, every ophthalmologist after some 
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training and patience, should be able to see the angle as easily as the 
anterior segment with the slit lamp. In fact, gonioscopy is a part of the 
biomicroscopy of the living eye. 


“2. Gonioscopy can give important information in the following 
conditions: Congenital anomalies of the angle; injuries; hemorrhages, 
iridodialysis, inversion of the iris, foreign bodies, etc. ; sequelae of iritis 
and iridocyclitis with secondary glaucoma; atrophy of the iris; anterior 
corneal synechia after perforation of the cornea; tumors or pseudo- 
tumors of the iris; glaucoma in its several types, and pathological con- 
ditions in the ciliary processes when they are visible through a coloboma 
of the iris. A new and interesting application of gonioscopy is the 
examination of the angle after operation for glaucoma, cataract, etc. 


“3. The authors report in detail the gonioscopic findings after a 
trephine operation (Elliot) (see table 1). From the standpoint of the 
immediate operative result, the 6 cases with exudates could be added to 
the 3 normal healings (30.9 per cent). In some of these cases there 
was severe postoperative iritis (7 eyes, 24.1 per cent). In none of 
them had a late infection appeared, but the period of observation has 
not been longer than 2 or 3 years. 


“4. The authors think that the width of the peripheral synechia 
determines whether or not the trepanation is made into the anterior or 
the posterior chamber. When this is narrow or trabecular, the trephine 
hole is usually in front of the new attachment of the iris, at the site of 
the new angle. When the peripheral synechia is deep or scleral, the 
trephine either perforates the iris or falls into the posterior chamber. 
In the case of the trabecular synechia, the root of the iris is usually left 
and is often attached to the sclera. The ciliary processes may or may 
not be dragged forward into the wound. In the case of scleral synechia 
when the posterior chamber is penetrated, the ciliary processes have a 
tendency to become incarcerated in the wound.” 

, W. S. REESE. 


GLAUCOMA, WITH SPECIAL REFERENCE TO MeEpIcAL ASPECTS AND 


Earty Diacnosis. H. M. Traguarr, Brit. M. J. 2: 933 (Nov. 
16) 1935. 


Traquair states that changes in the visual field cannot be initial 
symptoms as they usually do not appear unless there are ophthalmo- 
scopic alterations in the optic disk. The preceding period Traquair calls 
the preperimetric stage. He believes that in general field changes are 
of value in prognosis and in supporting a diagnosis already made, and 
that in absence of other symptoms a diagnosis on the strength of field 
changes should be made only with the greatest caution. 

Cases in which glaucoma is suspected may be classified according to 
whether or not gross field changes are present. As gross field changes 
do not occur in early cases they are not taken up in this article. The 
remaining cases in which an early diagnosis of glaucoma is to be made 
can be grouped according to the following observations: (a) Neither 
symptoms nor signs are present. (b) Symptoms alone are present. 
(c) Ophthalmoscopic signs alone are present. (d) Increased intra- 
ocular pressure alone is present. (¢) Various combinations of the 
features mentioned under J, ¢c and d are present. 
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The earliest field changes can be detected only when the weakest 
practicably applicable stimulus is used. The stimulus may be reduced 
by diminishing the size of the test object, by increasing its distance 
from the eye and by reducing the illumination by darkening the room. 
Under the usual clinical conditions Traquair has found that the weakest 
stimulus that is reliable is a 1 mm. white object used at 2 meters on the 
Bjerrum screen. The early field changes are of two types: (1) a 
depression of the central field and (2) the beginning of an arcuate 
scotoma. 

In the depression of the central field, the field is contracted, or it 
may skirt around one part of the blind spot. This baring of the blind 
spot, generally at its outer and upper part, was demonstrated in 1906 
by Sinclair, who called it the “Bjerrum symptom.” Traquair believes 
that it is the earliest field change present. While the baring of the 
blind spot is undoubtedly the precursor of the arcuate scotoma, the 
arcuate scotoma does not appear to grow out of this baring but rises 
independently. Later on, when the scotoma has developed, the baring 
seems to have become merged in the depression in that part of the field. 

A later field change is the development of the arcuate scotoma, which 
usually appears between one pole, more often the upper pole, of the 
blind spot and the vertical margin of the field 10 to 20 degrees from the 
center. It is characteristic that this scotoma is narrower at the end which 
lies toward the blind spot and widens as it passes toward the nasal side 
of the field. It is as a rule unconnected with the blind spot and estab- 
lishes such a connection only in its more fully developed stages. It is 
therefore in no way an enlargement of the blind spot and does not make 
its appearance as an outgrowth from the blind spot. In Traquair’s 
experience this scotoma appears rapidly and approximately simultane- 
ously and evenly. It is more frequently found in the upper part of the 
field. When fully developed, it crosses the vertical meridian and ter- 
minates on the nasal side of the field on the horizontal meridian, forim- 
ing the nasal step. The enlargement of the blind spot is frequently 
spoken of as a symptom of glaucoma but is not a positive sign of any 
value. 

The author’s summary is in part as follows: “The period between 
the beginning of the glaucomatous process and the development of field 
changes may be called the pre-perimetric stage. 

“The earliest field change produced is ‘baring of the blind spot.’ 

““Enlargement of the blind spot’ or a tuft-like or flame-shaped sco- 
toma is not an initial field change. The arcuate scotoma is a relatively 
late field change and does not begin as an outgrowth from the blind 
spot. 

_ “There are three stages in early glaucoma. (1) The initial stage, 
without symptoms—the stage of the glaucoma patient. (2) The pre- 
perimetric stage, without field changes. (3) The stage presenting early 
field changes. The early diagnosis of glaucoma cannot be made in the 
first stage, but should usually be made in the second stage. 

“Glaucoma is to be diagnosed by the clinical picture as a whole, not 
by any one sign. The only pathognomonic sign is increased tension, © 
and this is not always easily elicited.” . 

A. KNAPP. 
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LaTE RESULTS IN OPERATIONS FOR GLAUCOMA. E. JosEPH, Ann, 
d’ocul. 172: 827 (Oct.) 1935. 


The majority of ophthalmologists seem to be in accord as to the 
medical and surgical treatment indicated, respectively, in the different 
forms of glaucoma. Acute inflammatory glaucoma is relieved by iri- 
dectomy ; chronic, by medical treatment and sclerecto-iridectomy. Joseph 
has gone through the ophthalmologic files at the Hotel-Dieu of Lari- 
boisi¢re and Tenon and obtained the records of patients operated on for 
glaucoma, acute and chronic, from January 1925 to January 1932. Of 
650 patients, 196 presented themselves again for examination, and special 
note was made of the ocular tension, the visual acuity and field of vision, 
and the precise nature of the cicatrix. 

Joseph distinguishes between the bullous, the flat and the invisible 
cicatrix, and on these subjects goes into great detail. In discussing acute 
glaucoma he describes the technic employed, and the end-results as 
regards tension and vision, while in considering chronic glaucoma, he 
gives the tension and visual results and describes the treatment. 
Numerous examples are cited. S H. McKee. 


TREATMENT OF PRIMARY GLAUCOMA WITH Amy Nitrite. M. G. 
RABINOWITCH, Sovet. vestnik oftal. 7: 181, 1935. 


This is. a preliminary clinical report. The presentation of the 
experimental part of the work will follow. 

Rabinowitch applied inhalations of amyl nitrite in sixteen glaucom- 
atous patients aged from 45 to 70. Nine of the patients suffered 
from acute inflammatory, three from chronic inflammatory and four 
from simple glaucoma. High blood pressure was a contraindication 
to the treatment. The vision, intra-ocular tension and visual fields were 
improved in thirteen patients, and the more recent the process the more 
favorable was the reaction. Thus acute inflammatory glaucoma gave 
the best therapeutic results, while simple glaucoma, particularly that 
with tubular fields, did not respond to the treatment. The action of 
amyl nitrite was transitory. Rabinowitch believes that amyl nitrite 
is a deserving palliative measure in acute inflammatory glaucoma, and 
recommends its application for interruption of the attack, also for pre- 
paring of the patient for either conservative or surgical treatment. 
Whether the favorable action of amyl nitrite lies in the dilation or con- 
striction of the blood vessels of the uveal tract is to be discussed in the 
— O. SITCHEVSKA. 


Hygiene, Sociology, Education and History 


BLINDNESS, Eye DISEASES AND THEIR CAUSES IN THE LAND OF 
Canaan. N. I. Suimxin, Brit. J. Ophth. 19: 548 (Oct.) 1935. 


The ‘object in this paper is to answer the question: Were blindness 
and diseases of the eye resulting in blindness widespread in Palestine in 
that bygone time when the country was called the land of Canaan, or is 
this social evil of present-day Palestine a sad acquisition of recent 
times ? 
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Shimkin states in his summary of the paper that the land of Canaan 
in the epoch from 1400 to 1000 B. C. had nearly the same area, the 
same density of population, the same climate and the same eye diseases 
resulting in blindness as the inhabited Palestine of today. 

This interesting paper of 26 pages contains much of historical 
interest but does not lend itself to abstracting. 


There is an extended bibliography. W. ZENTMAYER 


Injuries 


BILATERAL ABSORPTION OF INTRAOCULAR COPPER WITH CHALCOSIS IN 
One Eye. F. C. Corpes and D. O. Harrincton, Am. J. Ophth. 
18: 348 (April) 1935. 
Cordes and Harrington give the following summary: 


“1. The case reported here is that of a child who, following the 


explosion of a number of percussion caps, had particles of copper in 
both eyes. 


“2. There was spontaneous absorption of the foreign bodies of both 
eyes, without the destructive changes usually seen with copper. It is 
possible that this may be the result of a low percentage of copper being 
present in the metal of the percussion caps. 


“3. One eye demonstrated the phenomenon of chalcosis, a rather 
rare occurrence. 


“4. The left eye has retained normal vision eight years after the 
accident. 


“5. The necessity of careful examination of both eyes, even though 


only one appears to be injured, is evident.” 
, PP J W. S. REESE. 


Lens 


SUTURES FOR Lip CONTROL IN CATARACT OPERATIONS. W. D. Horner, 
Am. J. Ophth. 18: 33 (Jan.) 1935. 


For lid sutures Horner uses a 24 inch (60.9 cm.) moderately heavy, 
double-armed white silk suture thread. He places two in the upper lid, 
one on each side of the midline, inserting them beneath the skin 2 mm. 
above the lid margin and bringing them out 8 mm. away. The four ends 
are then caught in a hemostat which is controlled by the assistant, who 
also holds the superior rectus suture thread. In the lower lid one suture 
is used in the midline and the ends of the thread secured in a hemostat. 

Horner gives the following summary: “An adequate substitute for 
other means of lid control in cataract operations is provided in lid 
sutures, which also offer the following advantages : 


“1. There is no pressure upon the eyeball. 2. The assistant, if 
unskilled, can do no harm since there is no way in which he can press 
upon the globe, lose his grip on the lid, or misuse an instrument. 3. 
Means are always at hand instantly to close the eye or momentarily to 
lessen lid tension, should the patient become unruly or vitreous prolapse 
threaten or occur. The incision can be closed and compressed by pulling 
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the lid well down over it. 4. The assistant can have one free hand 
available for assistance in the operative maneuvers if needed. 5. One 
or more instruments that ordinarily enter the culs de sac are eliminated. 
6. At the close of the operation, there is no instrument to be removed. 
7. The lid is lifted over the incision and cannot catch in the wound in 
closing the eye. 8. Tension on the lid keeps it fully closed until the 
dressings are in place. We have found no disadvantages in this method 
with the exception of the few extra minutes necessary to placing the 
sutures. Infection at the suture points has never been observed.” 


W. S. REESE. 


PATHOGENESIS OF VON SzILy’s RING-SHAPED CATARACT: REPORT OF 
A Case. A. E. Govpreper, Klin. Monatsbl. f. Augenh. 94: 623 
(May) 1935. 


In 1928 von Szily described a new congenital and familial type of 
cataract which he observed in four of nine children of one family. He 
called it Ringstarlinse. It presents normal size and thickness at the 
periphery but is characterized by a central defect which is closed toward 
the vitreous by a membrane resembling a secondary cataract. It differs 
from other congenital cataracts by the absence of the nucleus. 

Goldfeder reports in detail the case of a man, aged 33, who had 
allegedly been blind in both eyes since his first year of life. The right 
eye had been operated on when he was 6 years of age. No other mem- 
ber of his family was similarly afflicted. A picture depicts the appear- 
ance of the left eye, which shows a ring-shaped cataract with a well 
defined thinner central portion and a central polygonal semitransparent 
membrane. This membrane was connected by fine emissaries with the 
anterior surface of the atrophic iris. It was freely movable, seemed to 
be drawn into the central hole in the cataract at times and protruded in 
front of the cataract at others. Goldfeder bases his pathogenetic con- 
siderations on the relation of this pupillary membrane to the annular 
cataract. He weighs the possibility that the ring-shaped cataract may 
have originated after liquefaction and absorption of a spindle-shaped 
cataract or by congenital aplasia of the axial portion of the lens, as 
von Szily stated. In Goldfeder’s opinion, the genesis was idiopathic, 
or conformed with the theory of Lowenstein; he contends that connec- 
tive tissue containing blood vessels may perforate avascular embryonal 
tissues and may cause them to absorb, especially if the vascular connec- 
tive tissue is inflamed. This theory does not exclude the development 
of idiokinetic hereditary cataracts, although Lowenstein ascribes a large 
number of congenital cataracts to the influence of the fetal pupillary 
membrane, especially to that of the inflammatory type. Goldfeder con- 
cludes that the annular cataract was caused by the pupillary membrane. 
He thinks not only that genuine aplasia of the center of the lens existed, 
but that the absence of the center of the lens was caused by proliferation 
of blood vessels arising from a fetal pupillary membrane which had 
been of an inflammatory nature. He was undecided as to whether this 
occurred at an early stage when the formation of the nucleus of the lens 
was prohibited or later on by liquefaction and absorption of the axial 
portion of the lens. oe tee 
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Orbit, Eyeball and Accessory Sinuses 


UNILATERAL ExoPHTHALMOos. C. S. O'BRIEN and P. J. LEINFELDER, 
Am. J. Ophth. 18: 123 (Feb.) 1935. 


The authors record eighty-two cases of unilateral exophthalmos in 
fifty-one of which it was noninflammatory. Of these cases twenty-four 
were caused by malignant neoplasms. Sarcoma was usually primary, 
whereas carcinoma entered the orbit by extension from the antrum, skin 
and adjoining parts and by metastasis. Several tumors arose from dis- 
eased hematopoietic tissue, and studies of the blood facilitated the diag- 
nosis of some of these. There were ten benign neoplasms, meningioma 
occurring the most f requently. The others were diagnosed as glioma of 
the optic nerve, granuloma, hemangioma, neurofibroma, adamantinoma 
and chondromyxoma. Trauma followed by orbital hematoma, pulsating 
exophthalmos and orbital emphysema accounted for eight cases. Exoph- 
thalmic goiter occurred twice, the other common ocular signs of this 
disease being present in both eyes. Unilateral axial myopia of high 
degree with pseudoproptosis was seen in one patient. - < Bee 


EXOPHTHALMOS FROM AN OrBITAL Tumor. J. L. DEHOGUES, Ann. 
d’ocul. 172: 907 (Nov.) 1935. 


Exophthalmos due to tumor of the orbit or to a tumor that has 
developed in this area is fairly frequently noted in the literature. The 
subject is of considerable interest to oculists not only from the point 
of view of pathogenesis but also from that of the odd histologic picture 
which is at times revealed. 

B. C., colored, 16 years of age, presented himself in February 1930 
with a severe exophthalmos of the right eye. Movements of the ocular 
globe were impossible, and this was found to be due to a hard tumor 
which was felt in the orbit and was found to be strongly adherent to 
the globe. The history extended back over a period of three or four 
years. There was complete atrophy of the optic nerve, from which 
the patient had complete loss of vision. The details of the operation 
and the histologic examination are given. 

The existence of blastomas of the optic nerve developing on the 
oligodendric elements was reported by Hortega in 1932, who reported 


three cases. S. H. McKee 


AcuTeE Ocutar DisEASE CAusEp BY BEETLES. A. CASTELLI, Ann. di 
ottal. e clin. ocul. 63: 241 (April) 1935. 


Castelli made an extract of beetles (Paederus fuscipes) and instilled 
it into animals’ eyes. In three animals a parenchymatous corneal infil- 
tration and severe iritis with hypopyon were noted. The extract when 
instilled unfiltered gave a very strong reaction, whereas the filtered 
extract gave negative results. 

He tried the experiment on the human as well as on the animal eye, 
with the same results. Then he tried the extracts, treated in the same 
way, on different insects, such as ants, with negative results. 

He describes a characteristic acute ocular disease caused by an 
insect. The disease usually occurs in moist places during the months 

















940 ARCHIVES OF OPHTHALMOLOGY 


of August and September and is manifested clinically in two forms: 
(1) a vesicular eruption of the epidermis of the eyelids and (2) a 
keratoconjunctivitis characterized by marked chemosis, hyperesthesia, 
photophobia, denudation of the corneal epithelium and sometimes iritis. 

He has found the cause in the extract made from Paederus fuscipes. 
The active cause is not the insect itself but something in the insect 
which is chemically pure and resistant to heat. It is soluble in chloro- 
form, ether, alcohol and olive oil and insoluble in water. 

Biochemical examination of the human and animal eyes as well as 
histologic sections revealed that the lesions of the cornea, lids and con- 
junctiva consisted in a vesication. 

Sixteen pictures and twelve photomicrographs are included in the 
article. A bibliography is given. i Mies 


A Rare Form OF INTERMITTENT EXOPHTHALMOS WITH ATROPHY OF 
THE Optic Nerve. E. MaArcuHesIni, Ann. di ottal. e clin. ocul. 
63: 263 (April) 1935. 


Marchesini presents the case of a man 45 years of age. There was 
nothing unusual in the family history. The past history of the patient 
was essentially unimportant except that he had had otitis media and 
bronchitis during childhood and had been somewhat backward mentally. 
When he was 1 month of age, his mother noticed a dark spot on the left 
side of his palate. She was told it was an angioma. At the age of 10 
the patient noticed that the left eye protruded when the head was bent 
forward. At the age of 40 the vision in the left eye began to fail. 
There was no history of diplopia or of syphilis. 

The examination of the right eye gave negative results. In the left 
eye there was enophthalmos when the patient was standing up. There 
was a compressible tumor on the lateral third of the left lower lid. On 
bending the head forward exophthalmos was noted. The exophthal- 
mometer showed 6 mm. of enophthalmos while the patient was standing 
or lying on his back and 6 mm. of exophthalmos while he was bending 
forward. 

Vision in the right eye was 10/10 and that in the left eye, nil. The 
right visual field was normal. The fundus in the right eye was normal. 
The left eye showed simple optic atrophy. There was a bluish tumor 
on the left side of the hard palate. 

Marchesini considers the various causes of intermittent exophthalmos 
and includes the following from the literature: retro-orbital angioma, 
retro-orbital varicocele, lymphosarcoma of the orbit, stenosis (con- 
genital) of the jugular veins, and tumor of the pituitary body. 

He believes that in the case reported the condition was due to a 
retro-orbital varicocele because of the compressibility and the change 
of enophthalmos to exophthalmos depending on position. Retro-orbital 
angioma rarely gives intermittent exophthalmos. Among 120 cases of 
retro-orbital angioma there were only three in which intermittent 
exophthalmos was present. 

The pathogenesis consists in a congenital malformation during 
intra-uterine life which may have produced diminished resistance in 


ABSTRACTS FROM CURRENT LITERATURE 941 


the venous area in the presence of an angioma in the mouth. There is 
also a second possibility: the existence of a stenotic process, also con- 
venital, due to anastomosis between the ophthalmic vein and the cavern- 
ous sinus or the superficial temporal vein. 

Pictures and a bibliography are included in the article. 


A. PERZIA. 
Parasites . 


CEREBRAL EcHINococcus Cyst AND OCULAR COMPLICATIONS: REPORT 
oF Two Cases. V. Sasa, Ann. di ottal. e clin. ocul. 63: 13 (Jan.) 
1935. 

Two cases of echinococcus cyst with ocular complications are pre- 
sented. One occurred in a boy 11 years old. The boy had complained 
of failing vision for over a year, also of headaches and vomiting. The 
condition had been diagnosed by a country doctor as meningitis. Ocular 
examination revealed bilateral optic atrophy. Later chills, vomiting and 
fever developed, and the patient died. The spinal fluid was normal. 
X-ray pictures of the skull disclosed no abnormality. Autopsy revealed 
an echinococcus cyst. 

The second case was that of a boy 16 years old who complained of 
violent frontal headaches, vomiting and diplopia lasting several minutes. 
The family history was not relative. Examination revealed choked 
disks (bilateral). Roentgen examination gave negative results. The 
spinal fluid showed increased pressure and a positive Pandy reaction. 


Only a few cells were present. Autopsy revealed echinococcus cyst of 
the left occipital lobe. 

Echinococcus cyst usually occurs during childhood, being most com- 
mon in babies. A cerebral site is third in frequency, the hepatic and 
pulmonary sites being first and second. The cyst may be primary or 
secondary, and the cerebral cyst usually is located in the white matter 


of the brain. The cranium may be involved. The symptoms are 
increased intracranial pressure with choked disks and later optic atrophy. 
Diagnosis is difficult, and various laboratory tests are necessary, such 


as a blood count for eosinophilia, a complement-fixation test and a 
precipitation test. 


A bibliography is given. A. PERZzIA. 


Pharmacology 


ANGIOscoTOMAS AND Gotp Soptum TuHiosutFatr. A. L. 
Bull. Soc. d’opht. de Paris, July 1935, p. 400. 


Ocular lesions due to the therapeutic use of gold salts are relatively 
rare. The reports in the literature deal more especially with cases in 
which the anterior segment of the globe manifested conjunctivitis or 
benign superficial keratitis. In addition, certain functional symptoms 
are described. Hinault and Mollard in their treatment of tuberculosis 
noted, in two cases, the constant complaint of pain and soreness of the 
eyes with paresis of accommodation. In another case the intoxication 
induced sudden blurring of short duration. In a fourth case the blurring 
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was augmented to complete blindness for ten or fifteen minutes. No 
objective lesions of the fundi were noted. 

Dubois has examined six patients under treatment with gold 
sodium thiosulfate who complained of analogous symptoms. But he 
was able in each case to localize an angioscotoma joining the blind spot, 
thus permitting no doubt of the patient’s complaint. The symptoms 
were similar to those of glaucoma: perception of rainbows and of halos 
around lighgs, sensations of dimness and smoke and general ocular pain 
on fixation. In five of the patients examination of the fundus gave 
entirely negative results. One patient had low grade conjunctivitis with 
benign superficial keratitis. The intra-ocular tension in four cases was 
slightly raised but was never above normal. In all six cases angio- 
scotometry revealed profound modifications. These modifications, which 
are described, coincide with the observations in cases showing general- 
ized intoxication. The dosage varied from 0.35 to 7 Gm. Four patients 
had the attack at the first of the injections, one in the second series, and 
another in the sixth. When the medication was stopped the symptoms 
and signs disappeared promptly. Locally, by the introduction of pilo- 
carpine hydrochloride the patients were improved subjectively. Hinault 
and Mollard doubted the reasonability of their patients’ complaints. 
The angioscotomas leave no room for doubt. The case histories are 


outlined. L. L. Mayer. 


The Pupil 


ARGYLL ROBERTSON SYNDROME OCCURRING WITH PITUITARY TUMORS. 
C. W. LeFever, Am. J. Ophth. 18: 442 (May) 1935. 


LeFever discusses the site of the lesion in the Argyll Robertson syn- 
drome. He believes it involves the intercalary fibers, and reports two 
cases of pituitary tumor in which there was an Argyll Robertson pupil. 
He believes these cases help to confirm his theory. 

i W. S. REESE. 


Tue Pupittary LIGHT REFLEX AFTER LESIONS OF THE POSTERIOR 
CoMMISSURE IN THE Cat. H.W. Macoun, S. W. Ranson and 
L. L. Mayer, Am. J. Ophth. 18: 624 (July) 1935. 


Following experiments on cats with the Horsley-Clarke stereotaxic 
instrument the authors give the following summary: 


“1. Following destruction of the posterior commissure in the mid- 
line, the light reactions of the cat are reduced but not abolished, indicat- 
ing a partial but not a complete central decussation of the light-reflex 
pathway in the posterior commissure of this animal. 


“2. Following such lesions, no evidence for the localization of the 
light-reflex impairment in either the nasal or the temporal half of the 
retina could be obtained. Since the greater part of the light-reflex path- 
way is crossed in the optic chiasma of the cat, it would appear that in 
this animal that part of the light-reflex pathway which undergoes a 
central decussation in the posterior commissure carries impulses from 
both the nasal and temporal halves of the retina, most, if not all, of 
which have already crossed in the optic chiasma.” 


W. S. REESE. 
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Physiology 


A Factor IN THE PropUCTION OF DIVERGENCE INCREASE WITH NEAR 

Vision. F. H. Hasgsscer, Am. J. Ophth. 18: 419 (May) 1935. 

Haessler gives the following summary: “It was found that the 
maximum possible divergence of the optic axes of the eyes is greater 
when the eyes accommodate for a short distance than for a longer one. 
The divergence is proportional to that portion of the entire accommo- 
dative power which is used for the distance of fixation. This is 
demonstrated by the practical identity of the graphs representing the 
two functions in each of 79 of the 96 patients which were studied.” 


W. S. REESE. 


Refraction and Accommodation 


AMETROPIA AND SEX. J. A. Witson, Brit. J. Ophth. 19: 613 (Nov.) 
1935. 

Wilson has studied errors in refraction as related to age and sex 
among 22,000 school children with defective vision in Lanarkshire, 
Scotland. In a group of 300 children 7 years of age there were 8 cases 
of hyperopia to 1 of myopia. The boys and girls with this showing 
were equal in number. In the group aged from 7 to 10 years, compris- 
ing 800 children, there were 4.6 cases of hyperopia to 1 of myopia. The 
percentage of girls was 55. In the group aged from 11 to 14 years, 
comprising 1,200 children, there were 3 cases of hyperopia to 1 of 
myopia. The percentage of girls was 59. In a group of 94 pupils of 
higher grades in school, whose ages ranged from 15 to 17 years, there 
were 53 boys and 41 girls. Here there was a parity between hyperopia 
and myopia. 

Wilson has examined the records of 1,500 consecutive cases of 
myopia as to family history. It was observed that when a parent was 
myopic this parent, whether father or mother, transmitted myopia to 2 
girls for 1 boy. 

soth sets of figures seem to relate to one and the same process, 
namely, the operation of a law of inheritance that does not become fully 


manifest till the subjects reach adult life. 
W. ZENTMAYER. 


A Stupy oF AsTIGMATISM FOLLOWING OPERATION FOR CATARACT. A 
Vittrapini, Arch. di ottal. 42: 303 (Sept.-Oct.) 1935. 


Eighty-five patients were examined with the ophthalmometer at 
various times after operation. In the first few days the astigmatism 
often reached 14 diopters but decreased rapidly in the next few weeks. 
There was a slight further change, however, which continued till a year 
after operation, when no further change occurred. The astigmatism 
Was usually against the rule, meridian 180 being chiefly affected, and 
the other axes up to axis 90 being affected with decreasing frequency. 
Three methods were employed: the use of a free conjunctival flap made 
with the knife, the use of a bridge flap of conjunctiva and the Critchett 
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method, in which the keratome is first employed, the incision then being 
enlarged with scissors. The patients in whom the bridge flap was used 
showed less astigmatism than those operated on by the other methods, 
owing, the author believes, to rapid and firm healing of the conjunctiva, 
so that the corneal wound heals in better position. 

S. R. GrIrrorp. 


Retina and Optic Nerve 


ANATOMICOPATHOLOGIC STUDIES OF THE EFFECT OF | HERMOPUNCTURE 
AND OF DIATHERMY PUNCTURE IN Two Cases OF RETINAL 
DETACHMENT. ReEpDsSLOB, JEANDELIZE and Bavupot, Bull. Soc. 
dopht. de Paris, April 1935, p. 283. 


Two patients operated on for retinal detachment died some days 
after operation, one from heart disease, the other from angina. The 
eyes were obtained and studied histologically. The first was a highly 
myopic eye, aphakic as the result of an operation for cataract. Three 
tears had been found in the retina previous to operation. Thermo- 
puncture of Gonin was applied to one tear near the ora serrata. The 
patient died twenty days later while lying abed. The second patient 
had a Safar operation which could not be completed because of the 
great loss of vitreous and the subsequent deformation of the eye. Five 
days later the patient died. Microscopically the first eye showed com- 
plete detachment of the retina, very flat, with cystoid degeneration of 
the retina at the ora. The entire choroid was atrophic. The second 
eye was similar. The tears in both retinas had their edges rolled up 
toward the vitreous and were attached in this manner by a cicatrix to 
the underlying choroid. The retinas for the most part retained their 
normal structure except that the external plexiform layers were some- 
what degenerated. The authors believe that the vitreous per se has a 
decided influence on this type of retinal detachment. Photomicrographs 


are shown. 
L. L. MAyer. 


CROWNLIKE DETACHMENT OF THE RETINA IN A PATIENT WITH 
NEPHRITIS. SCHIFF-WERTHEIMER and Juvanon, Bull. Soc. 
d’opht. de Paris, July 1935, p. 405. 


In a patient with chronic nephritis there occurred in cocks eye at the 
extreme periphery of the retina a crownlike detachment w ithout vascu- 
lar change, and no tears could be found. No local treatment was carried 
out; cure was due to the influence of the regimen necessitated by the 
renal state. The examination is described, and two schematic drawings 
show the areas of detachment. Reattachment occurred coincident with 
improvement in the amount of albumin in the urine. Schiff-Wert- 
heimer and Juvanon justify their interest in this condition by comparing 
it with that seen during pregnancy, in which the detachment recedes 
as soon as the uterus is emptied. They make an appeal for abstention 
from surgical measures in cases of this type. 


L. L. Maver. 
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GENEALOGIES IN TWENTY-EIGHT CASES OF HEREDITARY PIGMENTARY 
DEGENERATION OF THE RETINA. W. SCHEURLEN, Klin. Monatsbl. 
f. Augenh. 94: 761 (June) 1935. 


Scheurlen has compiled the records on 506 cases of retinitis pig- 
mentosa observed at the University Eye Clinic of Tiibingen since 1877. 
Tables stating the names of the birth-places of the patients show an 
even distribution over the neighboring counties. This indicates that the 
entire population is uniformly afflicted with the pathologic gene. 

Consanguinity does not play the decisive role it has been credited 
with; it occurred in healthy branches of the families as well as in those 
in which some members suffered from retinitis pigmentosa. In some 
villages where the genealogies could be followed back to the middle of 
the seventeenth century, almost every one was ultimately related with 
the others. The affliction with the gene seems to have occurred in the 
whole population many centuries ago. The possibility exists that reti- 
nitis pigmentosa is a recessive hereditary process; positive proof cannot 
be established before the identity of the heterozygotes has been objec- 
tively established. The percentage of those afflicted remained unchanged 
during these fifty years. The genealogies show that 72 of the 94 dis- 
eased persons had no descendants. Only 22 had children and grand- 
children, all of whom were healthy except that in genealogy 16 one 
woman had two diseased sons. “Sterilization of 92 diseased persons 
would have prevented up to date the birth of only 2 hereditarily dis- 
eased persons and of 237 phenotypically healthy persons.” The fact 
that so many diseased persons had no descendants allows one to con- 


clude that the relation between healthy and diseased genes changes 
slowly in favor of the healthy genes. 


Kk. L. Stott. 


Four Cases oF CIRCUMSCRIBED DETACHMENT OF THE RETINA AT THE 
Ora SERRATA IN BEGINNING SARCOMA OF THE Cuororp. A. 
Fucus, Klin. Monatsbl. f. Augenh. 95:1 (July) 1935. 


From a large number of cases of sarcoma of the choroid with par- 
tial detachment of the retina Fuchs selected four in each of which a 
bullous detachment of the retina existed at the ora serrata, i. e., at a 
distance from the tumor. He refers to two similar cases reported by 
E. Fuchs, his father. Salzmann described and showed specimens of 
such detachments which were flat and could not be observed clinically. 
In some of these cases the detachment extended from the tumor far into 
the retina but was not raised above its surface more than a fraction 
of a millimeter. Fuchs calls this “minimal retinal detachment.” He 
found that such detachments showed an especial ring-shaped elevation 
at the ora serrata. This elevation could not be noticed clinically any 
more than the flat detachment itself. In each case the sarcoma was 
small and adherent to the retina, which showed cystic degeneration at 
the site of the adhesion. Drawings of cross-sections of the four eyes 
illustrate the histologic description. The possibility of a clinical diag- 
nosis may exist in giving future consideration to symptoms such as 
those present in the cases described: contracted field of vision, reduced 
Visual acuity, faulty perception of blue and shadows of retinal blood 
vessels observed by ophthalmoscopic examination. The etiology of 
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the most peripheral detachment has not been definitely established. 
Salzmann thinks it is caused by changes in the choroid and congestion 
in its blood vessels. Hermann Knapp traced it to choroidal exuda- 
tions, whereas in Leber’s opinion the fluid is derived from the tumor. 
E. Fuchs, after adducing arguments against the theories of Knapp and 
Leber, is inclined to accept Knapp’s opinion. 

The author distinguishes between “minimal” and cystic detach- 
ments. Both may originate from the retina or from the vitreous, 
because the choroid beneath them is normal and the tumor far off. 
Another possible explanation may be that they are due to traction on 
the ora serrata by the vitreous as a result of irritation from the growing 
tumor. In the opinion of the author, the intra-ocular hypertension that 
is present in some cases of beginning sarcoma supports this view. He 
arrives at no definite decision in this respect. 

K. L. STott. 


Trachoma 


STUDIES ON THE INFECTIVITY OF TRACHOMA. L. A. JULIANELLE and 
R. W. Harrison, Am. J. Ophth. 18:10 (Jan.) 1935. 


The authors give the following summary and conclusions: 
“1. Human trachoma is transmissible to monkeys. 


“2. Human folliculosis is not transmissible to monkeys whose sus- 
ceptibility to trachoma is subsequently demonstrable. 


“3. It was not possible to stimulate the formation of follicles by 
(a) non-specific infection, (b) irritation, (c) spreading of the contents 
of naturally occurring follicles over the rest of the conjunctiva. 

“4. No opportunity was afforded for studying the infectivity of 
other eye diseases which manifest both follicles and ‘inclusion’ bodies. 

“5. The evidence obtained in this study fails to confirm the opinion 
that the infection following inoculation of trachomatous tissue repre- 
sents either human or simian folliculosis.” 

W. S. REESE. 


STUDIES ON THE INFECTIVITY OF TRACHOMA. L. A. JULIANELLE and 
R. W. Harrison, Am. J. Ophth. 18: 133 (Feb.) 1935. 
The material for these studies was obtained by grattage from 
patients at the United States Trachoma Hospital at Rolla, Mo. The 
following summary and conclusions are given: 


“1. A study has been made of 50 human tissues to determine the 
filterability of the infectious agent of trachoma. Forty-one of the tis- 
sues were demonstrated to be infectious. 


“2. Of 41 monkeys inoculated with unfiltered material from infec- 
tious human trachoma, 33 animals became infected. 

“3. Of 44 monkeys inoculated with filtrates of the same tissue, 3 
became infected, all in one experiment. 

“4. Susceptibility to infection was demonstrated in a sufficient num- 


ber of monkeys which were not infected following inoculation with 
filtrates. 
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“5. Filtrates of trachomatous material were not infectious for rabbits 
as tested by intracutaneous, intratesticular, and percorneal inoculation. 

“6. Trachomatous tissues had no effect on Swiss mice, which appear 
to have an exaggerated susceptibility to viruses. 


“7. This study indicates, therefore, that under the conditions stated, 
the infectious agent of trachoma is not readily filterable.” 


W. S. REESE. 


EXPERIMENTAL PaTHOLoGy oF TRACHOMA. A. DE Busacca, Compt. 
rend. Soc. de biol. 120: 167, 1935. 


A preparation of corneal pannus inoculated into the vitreous body 
of a hen’s eye produced an acute inflammation. On enucleation of the 
eye after seven weeks the vitreous was sterile, but in the inflammatory 
membrane were numerous nodules similar to those of trachoma. Simi- 
lar nodules were found in the folds of the detached retina and in the 


choroid and ciliary body. J. E. LeBensonn 


Tumors 


A GLANDULAR TUMOR OF THE LOWER Lip. Gavutt and Leaait, Bull. 
Soc. d’opht. de Paris, April 1935, p. 263. 


The authors report a tumor of the lower eyelid arising from one of 
Moll’s glands. A lump appeared at the level of the border of the lid 
at the union of the external and middle third. The nodule grew rapidly, 
becoming the size of a large nut in three months’ time. The nodule 
was hard, made up of many smaller lobes and caused an ectropion of 
the lid. General examination of the eye gave negative results. The 
mass was removed under local anesthesia. The tumor was grayish 
white and almost entirely composed of epithelial elements of diverse 
modalities. Many of the elements were grouped in lobules, giving in 
places the aspect of a tubular gland. Staining with sudan III failed 
to reveal any evidence of fat, thus distinguishing the mass from a tumor 
of the pavement epithelial cells. The mass was not connected with the 
glands supplying the cilia and therefore could not be an involvement 
of a Zeiss gland. Histologically the picture approached that seen in 
characteristic mammary tumors. It is impossible to describe the evolu- 
tion of the tumor because of the meager number of known observations. 


L. L. Mayer. 


MENINGOBLASTOMA OF THE Optic Nerve. H. VILLarp, C. DEJEAN 


and H. Harant, Arch. Soc. d. sc. méd. et biol. de Montpellier 
16: 176, 1935. 


The left eye of a woman of 56 became totally blind in a few days. 
A dilated pupil and primary optic atrophy were observed. Ten months 
later a central exophthalmos began to develop which gradually increased, 
but no tumor mass was palpable until three years later. Operation then 
revealed a perioptic tumor occupying the entire orbit. An uneventful 
recovery followed the radical removal, but the parotid region subse- 
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quently required radiotherapy. Microscopic study indicated that the 
tumor belonged to the meningoblastoma group. These tumors are rare 
but include almost all perioptic neoplasms.- Other diagnoses are gener- 
ally in error. Of diagnostic importance is the early loss of vision fol- 


lowed in due time by increasing central proptosis. The tumor is only 
mildly malignant. 
) § J. E. LEBENSOHN. 


Uvea 


OPERATIVE TREATMENT OF TRAUMATIC IRIDODIALYSIS. Z. NIZETIC, 
Ann. d’ocul. 172: 775 (Sept.) 1935. 


The case of Amédée Paris, published in 1886, is described, and the 
cases reported since that date are mentioned. The details of the author's 
case are as follows: M. Z., 12 years of age, while playing, was struck 
with a piece of wood. Six days later, at the hospital, examination 
showed an iridodialysis from 10 to 3 o'clock. There were many pos- 
terior synechiae, and the iris was very hyperemic. The anterior capsule 
of the lens was broken and the lens slightly swollen. The operation 
was done under local anesthesia obtained with a subconjunctival injec- 
tion of 1 per cent procaine hydrochloride with a few drops of epi- 
nephrine. An incision was made above, and a large conjunctival flap 
such as that used in the Elliot operation was produced. With a needle 
a small incision into the anterior chamber was made (the smaller the 
incision, the better will be the adaptation), and with small forceps the 
root of the iris was drawn toward the opening and introduced within, 
where it was fixed by sutures. A binocular dressing was applied after 
atropine had been instilled, and on the following day the dialysis had 
disappeared, and the iris had kept its position. After eleven days the 
eye was normal, and the patient was discharged. The vision of the 
left eye was equal to counting fingers at 30 cm. A bibliography is 


supplied. S. H. McKEE. 


IRITIS AND THE GONO-REAcTION. A. GAULT, Bull. Soc. d’opht. de Paris, 
April 1935, p. 273. 


Statistics as to the cause of iritis indicate that the origin in 20 per 
cent of the cases is unknown, in 21 per cent rheumatic, and in 45 per 
cent tuberculous. In other cases iritis is ascribed to dental and sinus 
infection. A cause rarely mentioned is gonorrhea of long standing. In 
the latter case it is almost hopeless to attempt to find the organism. The 
gono-reaction, which is similar to the Wassermann reaction, depends on 
a deviation of the complement. Gault has tried this reaction in four- 
teen cases. In six the result was positive; in two the patients did not 
return, and in the other five treatment with the vaccine was beneficial. 
The observations in the latter five cases are reported in brief detail. 
The antigen used was furnished by the Pasteur Institute and consisted 
of gonorrheal growth from several different sources. It was found 
‘that the reaction remains positive even six months after cure. In the 
female, gonorrheal infection is often undiagnosed and unsuspected. 
The gono-reaction is valuable in discovering the initial infection when 











ABSTRACTS FROM CURRENT LITERATURE 949 


blennorrhea exists and examination of the microscopic smear shows no 
vonococci. The vaccine is that of Renard, consisting of several strains 
of gonococci and some of staphylococci, streptococci and pneumococci. 
It gives generally satisfactory results in that secondary invaders are 


also. treated. L. L. MAYER. 


Two Cases OF SPONTANEOUS DIALYSIS OF THE IRIS CAUSED BY 
SupDEN STRONG FLASH oF LIGHT. C. MANpICcEvsKI, Klin. 
Monatsbl. f. Augenh. 94: 668 (May) 1935. 


Two cases of spontaneous dehiscence of the root of the iris are 
reported. A man, aged 22, felt a sudden pain in his left eye when it 
was struck by the strong reflection of the sun from a window on the 
opposite side of the street. When Mandicevski saw the eye shortly 
afterward, it was free from pain and apparently normal on observa- 
tion except for slight contraction of the pupil. With the slit lamp, 
however, pigment cells were observed in the aqueous humor, a trace 
of blood in the trabeculae and a tear, measuring about from 1 to 
1.5 mm., at the root of the iris; a fine red hole could be seen there with 
the ophthalmoscope. Vision was normal in both eyes. Perfect recov- 
ery followed practically without therapy. 

A boy, aged 15, was brought by his father for consultation as to 
whether further treatment for trachoma should be required. When 
placing the boy before the slit lamp Mandicevski did not consider the 
fact that he had inserted a new bulb, which then was overcharged. The 
strong flash striking the boy’s left eye suddenly made him start back 
because of an instant “piercing” pain which, however, subsided at once. 
A fine trace of fresh blood and a minute tear at the periphery of the 
iris could be seen with the slit lamp, and the red reflex could be observed 
with the ophthalmoscope. 

In both cases the margin of the iris was slightly flattened opposite 
the tears. The author ascribes the tears to sudden forceful contraction 
of the iris by the strong light. One of the patients was blond and 
blue-eyed, while the other had especially highly pigmented irides. Injury, 
general pathologic changes and mesodermal inferiority could be positively 
ruled out. The author considers a constitutional inferiority of some 
portion of the iris as the possible cause of these two dehiscences. He 
also weighs these cases from the point of view of the workmen’s com- 
pensation law and compares the injuries with tears of muscle bundles 
or fractures of bones resulting from vehement intended movements of 


athletes. 
RK. La SPOR. 


Vitreous 


\ Case or Rinc-SHAPED DETACHMENT OF THE VITREOUS Bopy 


3EHIND THE Lens. G. Fopor, Klin. Monatsbl. f. Augenh. 94: 
651 (May) 1935. 


The right eye of a woman, aged 42, was struck by a lath. Vision 
Was impaired at once, but no severe external injury could be noted. 
xamination with the ophthalmoscope and the slit lamp revealed a tear 
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and detachment of the hyaloid membrane. Only two other cases have 
been reported. The round tear in the membrane could be seen, with 
numerous fine concentric folds extending from it. This membrane was 
localized by means of the slit lamp at a distance of from 4 to 5 mm. 
behind the lens. Vitreous presented through the wavy edge of the 
membrane, filling the retrolenticular space. The temporal portion of 
the field of vision was contracted. The tension was normal. A large 
tear in the retina was observed at the upper nasal portion of the ora ser- 
rata. An attempt to reattach it by Weve’s method failed. This condition 
is interesting because the hyaloid membrane could never be demon- 
strated histologically, although it is known to surround the entire vitre- 
ous body loosely. Firmer connection of the membrane with the retina 
exists from the equator of the eyeball to the ora serrata, where the 
retinal tear was observed. The tear in the hyaloid membrane occurred 
through the contusion by which the lens was forced backward, thus 
punching out a circular portion of the membrane. The vitreous pour- 
ing through the round hole detached the hyaloid membrane from the 


zonula and the ciliary body; this was followed by dehiscence of the 
retina from the ora serrata. ; 
K. 1. Sree. 














